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The Skin of Primates 


Ill. THE SKIN OF THE SLOW LORIS ( NYCTICEBUS COUCANG )' 


WILLIAM MONTAGNA, KENJIRO YASUDA anp RICHARD A. ELLIS 
Arnold Biological Laboratory, Brown University, Providence, Rhode Island 


The slow loris, Nycticebus coucang, is 
the larger of the two forms of oriental 
Lorisidae. Its skin has many details in 
common with that of the smaller Loris 
tardigradus (Montagna and Ellis, 60), but 
several important differences warrant a 
thorough description. 


MATERIAL AND METHODS 


We have used the skin of two adult 
males and three females, about 15 inches 
long, and each weighing about three 
pounds. The animals thrived in captivity, 
eating fresh fruits, vegetables, cereals 
mixed with milk, dog food, and live young 
mice. Some of the animals remained 
healthy on this diet for more than one 
year. Pieces of skin were removed from 
all regions of the body while the animals 
were anesthetized. For histological stud- 
ies paraffin sections of skin fixed in Helly’s 
fluid and 10% neutral formalin were 
stained with Giemsa and with 0.05% 
toluidin blue buffered to pH 4.5. Similar 
sections were treated with the PAS tech- 
nique for the demonstration of glycogen 
and other carbohydrates; control sections 
were digested with saliva, which removes 
glycogen but not other carbohydrates, 
before they were treated with the PAS 
technique. Phosphorylase (Takeuchi and 
Kuriaki, 755), succinic dehydrogenase 
(Farber and Louviere, 56), cytochrome 
oxidase (Burstone, 59), and monoamine 
oxidase (Glenner et al., 57) were demon- 
strated in frozen sections of unfixed tis- 
sues. Other enzymes were studied in fro- 
zen sections of tissues fixed for 4 hours in 
10% chilled, unbuffered neutral formalin: 
(1) alkaline phosphatase using both the 
cobalt sulfide technique and a variety of 
azo-dye techniques (Gomori, ’52); (2) acid 
phosphatase (Rutenburg and Seligman, 
755); (3) nonspecific esterases, alpha 


naphthol esterase, and naphthol AS ester- 
ase (Pearse, 53); (4) Tween esterase 
(Stowell and Lee, 50); (5) acetylcholin- 
esterase and butyrylcholinesterase (Mon- 
tagna and Ellis, 57). All of these tech- 
niques have been standardized and they 
give repeatable results. 


GENERAL OBSERVATIONS 


The slow loris, being entirely nocturnal, 
spends the day rolled up like a ball with 
its head tucked against its belly. It is a 
quarrelsome animal, and when disturbed 
emits purring, bird-like chatter and grunts, 
while snapping at the intruder. When 
forcibly handled it screams like a rabbit 
in distress. 

Although we do not know where our 
animals were captured, their markings 
correspond to those of Nycticebus coucang 
bengalensis (see Hill, 53) (figs. 1, 2). 
Nycticebus has a thick, greyish pelage of 
dense, soft, underhair, and sparse, coarse 
overhairs. On the flexor surface of the 
arm and forearm and on the lower lumbar 
and sacral regions, the base of the hair is 
encrusted with a yellowish substance. Al- 
though sinus hair follicles are numerous 
over the upper lip, the cheeks, brows, and 
even the eyelids, the vibrissae are short 
and inconspicuous (fig. 2). Males and 
females have 4 nipples, the anterior pair 
at the level of the last rib. There is prac- 
tically no tail; a short stump is folded 
ventrally like a triangular lid over the 
dorsal part of the anus (figs. 3, 4). 

An area of skin about two inches long 
and one-quarter to one-half inch in width 
over the anticubital region is palpably 


1 This work was supported by grants from the 
United States Public Health Service (RG-2125- 
C11), the National Science Foundation (G-4392), 
the Colgate-Palmolive Company and Chesebrough- 
Pond’s, Inc. 
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much thicker than that around it. The 
hairs over these surfaces are usually damp 
and matted together with a yellowish, 
viscid substance which has a fetid, fruity 
odor reminiscent of citrus fruits. Although 
the entire skin is odorous, we have con- 
firmed Hill’s (56) observation that the odor 
is most pungent on the anticubital skin. 
This skin contains large aggregates of 
glands and is similar to the brachial organ 
of the slender loris (Montagna and Ellis, 
60). In the excised skin (fig. 5), the un- 
derside of the brachial organ is a pebbly, 
greyish-pink mass of glands, two to three 
millimeters thick. 

Shaved animals have a whitish skin. 
There is some dark pigmentation over the 
scrotum and on the perianal regions only. 


The epidermis 


Except over the lips, muzzle, scrotum, 
ana genital regions, the epidermis is rela- 
tively thin. Over the general body the in- 
complete, single-layered granular layer 
consists of a few flat cells with very small 
keratohyalin granules, separating the two 
or three-layered malpighian layer from 
the corneal layer. The granular layer is 
thicker and more distinct in the epidermis 
around the orifices of the pilary canals, 
and wherever the epidermis is thicker. The 
corneal layer remains about the same 
thickness over the body. 

The epidermis is nearly free of melano- 
cytes. A few are found in groups in the 
epidermis of the scrotum and the face. 
The epidermis of the palms and soles is 
thick and its underside is grooved by deep 
ridges to which are attached at evenly 
spaced intervals the ducts of the sweat 
glands. In spite of its great thickness, the 
epidermis has weak strata granulosum 
and lucidum; the stratum corneum is 
thick. A few melanocytes are found only 
at the bottom of the epidermal ridges 
around the attachment of the duct of the 
sweat glands. 

The epidermis has the same general 
attributes as that of the potto and the 
slender loris (Montagna and Ellis, ’59, 
60). The malpighian layer contains suc- 
cinic dehydrogenase and monoamine oxi- 
dase; cytochrome oxidase is found only in 
the thick epidermis of the lips and genital 
regions, the palms and soles, and the volar 


side of the digits; some enzyme reaction | 
is also found in the epidermis around the | 
pilary canals. Phosphorylase activity is — 
present throughout the malpighian layer — 
and is most concentrated where the epi- 
dermis is thickest. The malpighian layer 
has moderate acid phosphatase activity — 
and abundant nonspecific esterase; it has | 
no alkaline phosphatase. A few capillar- | 
ies, the endothelium of which has strong | 
alkaline phosphatase activity, make an > 
occasional shallow loop under the epi- 
dermis between the hair island (figs. 9, | 
10). Capillaries are more numerous un- 
derneath the epidermis of the palms and 
soles (fig. 6). Small, barely visible nerves, 
reactive for acetylcholinesterase from the 
dermal net, rise up to the epidermis (fig. 
18) and seem to penetrate between its 
cells. This is particularly clear in the > 
epidermis of the face, the lips, and the 
genital areas. 


The dermis 


The thick dermis consists almost en- 
tirely of a reticular layer of collagenous 
fibers. Around the few blood vessels and 
the cutaneous appendages the dermis con- 


sists of areolar connective tissue contain- | 


ing fibroblasts, mast cells, and delicate | 
collagenous fibers. The dermis is veneered 
in thin successive layers in which the col- 
lagenous fibers are oriented at right angles 
to one another. The direction of the fibers 
is alternately parallel and perpendicular 
to the surface. A few elastic fibers are 
found in the lower level of the dermis. 
Dermal melanocytes are rare even in the 
scrotum, where the surface epidermis has 
more melanin than elsewhere. 

Blood vessels in the dermis are largely 
limited to those which go to the groups of 
hair follicles. Single arterioles rise from 
the subcutaneous tissue to the upper 
dermis, branch into capillaries, and go 
toward the groups of hair follicles. Rarely, 
a capillary loop is seen under the epi- 
dermis. The endothelium of these vessels 
is reactive for alkaline phosphatase. We 
have studied only those nerves that con- 
tain monoamine oxidase and/or cholines- 
terase. Large myelinated and unmyeli- 
nated nerve trunks from the subcutaneous 
tissue rise up to the level of the sebaceous 
glands, where they form a loose network 
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iented parallel to the surface of the skin. 
he myelinated fibers all contain mono- 
nine oxidase, acetylcholinesterase, and 
yme butyrylcholinesterase. The nerves in 
e dermal net contain traces of mono- 
mine oxidase and acetylcholinesterase but 
9 butyrylcholinesterase (fig. 11). 

In the palms and soles large nerve 
unks from the hypodermis ascend to the 
pper dermis where they branch in the 
rm of inverted arcades under the epi- 
srmis. Many of these nerves end in 
nall, round Meissner corpuscles (fig. 7). 
he large nerve trunks and the Meissner 
yrpuscles contain both acetylcholinester- 
se and butyrylcholinesterase; the small 
erve arcades and delicate free terminals 
mtain only acetylcholinesterase. 

The skin of the scrotum and prepuce 
ad that of the vulva is very richly sup- 
lied with nerves which are also strongly 
active for acetylcholinesterase. In the 
\id-dermis the nerves form large, tangled 
asses, from which nerves rise up toward 
ie surface and terminate under the epi- 
srmis. 


The pilary system 


Six to 20 hair follicles grow in islands 
vat are surrounded by glabrous skin 
figs. 8, 10, 13, 14). The hair islands are 
mmposed of follicles with a small diam- 
er that produce the woolly underhairs 
nd a few larger follicles that produce 
uard hairs. The hair islands on the dorsal 
irfaces have more large follicles than 
10se on the ventral surfaces. The follicles 
1 each group grow very close together, 
ut each opens separately to the surface. 
here is one sweat gland associated with 
ich hair group. Within the same group 
1e follicles may be in different states of 
ctivity; some are growing, while others 
re quiescent. The hair follicles on the 
uzzle and lips grow singly and are not 
ustered in groups. The pilary canal of 
1 the hair follicles is very short. 

The quiescent follicles are short and 
<tend only about midway into the dermis 
figs. 10, 17). The acuminate club hair 

surrounded by a thin epithelial capsule 
vo layers thick; from the base of the 
ypsule, a short, cone-shaped hair germ 
‘tends to the dermal papilla. Active fol- 
sles are very thin and long, and the 


elongated bulb is burrowed deep in the 
hypodermal fat. The topography of the 
hair follicle is like that of Loris tardigradus 
(Montagna and Ellis, 60). 

The distribution of metachromatic sub- 
stances and that of glycogen in growing 
follicles is similar to that in the follicles 
of other mammals. Although the quiescent 
follicles of the other primates we have 
studied contain appreciable amounts of 
glycogen, those of Nycticebus contain 
practically none. 

The distribution of various enzymes in 
hair follicles is similar to that found in 
the potto and the loris (Montagna and 
Ellis, 59, 60). Quiescent hair follicles have 
small amounts of succinic dehydrogenase, 
monoamine oxidase, and cytochrome oxi- 
dase; they abound in nonspecific esterases 
and phosphorylase. The dermal papilla 
has strong alkaline phosphatase, whether 
the follicles are active or quiescent. Ac- 
tive follicles have quantitatively larger 
amounts of all these enzymes. 

Arterioles in the subcutaneous fat rise 
to the upper dermis and send capillaries 
to the upper part of hair follicles. A single, 
very loose, capillary network encircles the 
entire hair group with only some branches 
penetrating the group to encircle some 
individual follicle (figs. 9, 10). The hair 
follicles which grow singly over the lips 
are supplied with blood vessels at the 
level of the sebaceous glands, but there 
are no vessels around the lower part of 
the follicles. 

Nerves arising from the dermal network 
penetrate the islands of hairs and send 
branches to each follicle (fig. 11). The 
terminal nerve forms a small collar at the 
base of the infundibulum, just below the 
entrance of the sebaceous glands (fig. 12). 
One or more nerves go to the sweat gland. 
The nerves running toward the hair fol- 
licles contain only acetylcholinesterase; 
the nerve collars around each follicle con- 
tain mostly butyrylcholinesterase. Those 
hair follicles in the lips which resemble 
sinus hairs are all very richly supplied 
with cholinesterase-containing nerves (fig. 
12). An even richer nerve plexus is found 
around the true sinus follicles. 


The sebaceous glands 


The sebaceous glands of quiescent hair 
follicles are usually small and have no 
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duct; those of active follicles are larger 
and have a short excretory duct. The 
sebaceous glands on the lips, muzzle, 
brachial organ, the eyelids, and the skin 
of the genital organs are larger than those 
elsewhere on the body. Regardless of their 
location or size, the glands have similar 
cytological and histochemical properties. 

The glands contain no glycogen, al- 
though traces may be found in the cells 
of their ducts. All cells have intense reac- 
tions for succinic dehydrogenase, mono- 
amine oxidase, and cytochrome oxidase 
(fig. 17). They have only traces of phos- 
phorylase activity (fig. 15). All sebaceous 
cells, whether differentiated or not, are rich 
in nonspecific-a-naphthol esterases and AS 
esterases; they contain no Tween ester- 
ases. The glands have scant acid phospha- 
tase and no alkaline phosphatase. The 
meibomian glands and the other large 
sebaceous glands in the eyelids all have 
properties identical with those of the 
glands elsewhere on the body, except that 
the glands of the eyelids, and particularly 
the meibomian glands, are surrounded by 
numerous nerves which are reactive for 
acetylcholinesterase (Montagna and Ellis, 
59a.) (hig, <3), 


The sudoriparous glands 


One simple tubular, variably coiled 
apocrine gland is found with each hair 
group. A dilated, variably coiled secretory 
coil extends to the lower part of the der- 
mis; the long and very narrow duct runs 
parallel to the hair follicles and opens to 
the surface separately in a conical dilata- 
tion (figs. 15, 16). The glands are larger 
in the skin of the cheeks, lips, eyelids, and 
genital areas. 

The duct consists of two layers of flat 
cuboidal cells. The cells of the secretory 
tubule are columnar or cuboidal and may 
have cytoplasmic blebs protruding into the 
lumen from the free edge of the cells. 

The cytoplasm of the secretory cells con- 
tains fine, sparse, basophil granules and 
small yellow pigment granules in the basal 
two thirds; in the luminal part it is prac- 
tically achromic. A layer of very large 
myoepithelial cells surrounds the secre- 
tory epithelium. The secretory cells also 
contain some PAS-positive, nonglycogen 
granules. The colloid in the lumen is 


moderately PAS-reactive. The myoepith 
lial cells have small amounts of glycoge} 
but the secretory cells do not. The bas} 
cells of the ducts always contain som 
glycogen. | 

The secretory segment in intensely ry} 
active for succinic dehydrogenase, mon} 
amine oxidase, and cytochrome oxida: 
(fig. 17); the duct shows only sma} 
amounts of these enzymes. Both the duf 
and the secretory coil of the glands a? 
strongly reactive for phosphorylase (fif 
16). The glands have alkaline phosph}# 
tase in the myoepithelium and in the bas} 


some glands the reaction is restricted 
the luminal part of the cells. The secrf 
tory cells have small amounts of aci# 
phosphatase; they contain practically rf 
alpha naphthol esterase, but relative. 
large amounts of AS esterase and Tweef 
esterase. | 
From the dermal network a nerve go 
to each gland and forms a loose lattic 
around its secretory coil, but not arounj 
its duct (fig. 18). Some nerves may ef 
tend laterally from the glands to terminaif 
in candelabra-like arcades underneath tl# 
epidermis. This is particularly pronounc s; 
in the skin of the lips and that of thf 
genital and perianal regions. These nerv4 | 
contain acetylcholinesterase but no buti 
rylcholinesterase. 
In the brachial organ the large glandf 
are separated only by very thin septa qf 
loose, areolar tissue. The thin, long ducif 
of these glands converge toward the shal 
low pilary canals at the surface of the ski 
and open into them (fig. 19); some duc# 
open singly to the surface. The histoche 
ical properties of the glands of the brachid} 
organs are similar to those of the oth 
glands. They abound in succinic dehydr i 
genase, Monoamine oxidase, cytochromf 
oxidase, and phosphorylase (fig. 20); the 
have practically no alpha naphthol este} 
ase, some AS esterase, and a great deal 
Tween esterase (fig. 21). There is verf 
little acid phosphatase but much alkali 
phosphatase (fig. 22). The endotheliun} 
of the few capillaries around the glands : 
reactive for alkaline phosphatase (fig. 22° 
The glands are surrounded by numero 
nerves that contain acetylcholinesteras 
(fig. 23). The excretory ducts rarely hav 
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ch nerve fibers around them. A few 
olinesterase reactive nerve fibers are 
0 found around the pilary canals of the 
icles, into which the excretory ducts of 
> glands of the brachial organ open. 
The glands in the volar surfaces of the 
nds, feet, and digits grossly resemble 
th apocrine and eccrine glands (figs. 
, 25, 26). A thick, loosely coiled secre- 
y segment opens abruptly into a very 
in and straight excretory duct; the ter- 
nal part of the duct within the epidermis 
coiled. 

The cells of the secretory coil seem to 
heaped over one another to form two 
yers of cells. The large myoepithelial 
lls, which have an achromic cytoplasm, 
rm the basal layer. The cells facing the 
men are pyriform and have a basophil 
toplasm; they are all alike and corre- 
ond to neither the dark nor the clear 
lls of the glands of other mammals. The 
toplasm of these cells has a delicate 
ppling of glycogen and coarse PAS-posi- 
e granules above the nucleus. The cells 
the ducts, which are very small, contain 
all amounts of glycogen. 

The glands abound in succinic dehydro- 
nase, monoamine oxidase, cytochrome 
idase (fig. 24), and phosphorylase (fig. 
). They are weakly reactive for ester- 
2s and acid phosphatase, and rich in 
caline phosphatase (fig. 26). A few 
osphatase reactive capillaries surround 
> glands (fig. 26). The glomerate por- 
n of the gland is surrounded by coarse 
rves that contain acetylcholinesterase 
g. 27). These do not form an intricate 
t around the coils, as do those around 
> glands of the brachial organ. 


The responses of the sweat glands to 
pharmacological tests 

To test whether the various sweat glands 
pond to cholinergic or to adrenergic 
muli, we injected mecholyl and adre- 
lin intradermally in several parts of the 
dy. Two-and-one-half milligrams of 
cholyl injected into the dermis of the 
rchial organ and into that in several 
er parts of the body, including the 
ims and soles, has no effect upon the 
eat glands, even though the animal 
ivated and lacrimated profusely. In- 
tions of 5.0 mg of mecholy] in the palms 
1 soles caused a very slight amount of 


sweating. Epinephrine diluted 1:10,000 
was injected into the skin of the brachial 
organ and caused an immediate profuse 
secretion. Injections of epinephrine else- 
where on the body resulted in the appear- 
ance of sparse, small beads of secretion on 
the surface. Epinephrine had no effect 
upon the glands of the palms and soles. 
Thus, the glands on the volar surfaces of 
the hands and feet are not activated by 
adrenergic stimuli and only slightly acti- 
vated by cholinergic ones. The body glands 
and those of the brachial organ are readily 
activated by adrenergic stimuli. 


DISCUSSION 

The skin of Nycticebus is similar in 
some respects to that of the other two 
lorisoids we have studied, Loris and Per- 
odicticus. The practical absence of a 
papillary body in the dermis, the scant 
blood supply, the aggregation of variable 
numbers of hair follicles into large islands, 
the presence over the body of only apocrine 
glands, and the poor differentiation of the 
glands of the volar surfaces of hands and 
feet into eccrine types suggest that the skin 
is poorly specialized. 

All of the sweat glands of Nycticebus re- 
semble apocrine glands, even those on the 
volar surfaces of the hands and feet. The 
apocrine glands, like those of Loris (Mon- 
tagna and Ellis, 60), contain phosphory- 
lase, the presence of which had hitherto 
been considered to be a characteristic fea- 
ture of the eccrine glands of primates. 
These apocrine glands are also surrounded 
by nerves which contain specific cholines- 
terase, another feature which before had 
been considered peculiar to eccrine glands. 
The embodiment in these organs of some 
of the peculiarities of both eccrine and 
apocrine glands must represent as un- 
specialized state. 

The glands on the volar surfaces of the 
pes and manus have peculiar features of 
their own. Phylogenetically, these are the 
most ancient eccrine sweat glands (Kuno, 
56). Yet, they look like both apocrine and 
eccrine glands. Their secretory epithelium 
is composed of one type of cell which 
shows no differentiation into dark and 
clear cells, such as those found in the 
eccrine glands of higher forms (Montagna, 
56). Whereas eccrine glands character- 
istically contain much glycogen, those of 
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Nycticebus contain only traces of it. Other 
eccrine glands usually contain little alka- 
line phosphatase, but these are rich in it 
(fig. 26). Eccrine sweat glands are easily 
stimulated to secrete with injections of 
acetylcholine, but in Nycticebus this drug 
has practically no effect. Thus, specializa- 
tion in the glands of the palms and soles 
into eccrine types has not progressed very 
far in Nycticebus, and the glands seem to 
have little secretory function. 

Many of the characteristics of the skin 
of Nycticebus are those of an unspecialized 
type, but the elaborate development of the 
brachial organ must be a highly specialized 
feature. The apocrine glands in this region 
are very large and invested by myriads of 
nerves; the ducts of several glands open 
into a common dilated pilary canal. Stim- 
ulation with epinephrine evokes copious 
discharge of fetid secretion product. The 
glands of the brachial organ are different 
from those glands found in the other re- 
gions of the skin; the brachial organ, then, 
is a signal feature in the specialization of 
the skin of Nycticebus and the Loris. 

The presence of large amounts of spe- 
cific cholinesterase in nerves has been 
assumed to indicate cholinergic nerves. 
However, the apocrine glands of the 
brachial organ and of the rest of the body 
of this animal, which are surrounded by 
such nerves, do not respond to acetylcho- 
line, and they respond to epinephrine. The 
glands of the palms, soles, and digits do 
not seem to respond to either of these 
agents. Thus, either there has been a 
misinterpretation of facts in the past or the 
nerves of Nycticebus are different from 
those in other animals. The presence of 
nerves around glandular tissue is not al- 
Ways easy to explain. The meibomian 
glands of these animals, as well as those 
of many others, including man, are sur- 
rounded by nerves that contain cholines- 
terase (Montagna and Ellis, 59a). It is 
not likely that holocrine glands could be 
stimulated by nerve impulses, since their 
secretion must be synthesized slowly with- 
in the cells and become available as the 
final secretory product only when the cells 
that have formed it die and break up. 
Perhaps the nerves around the apocrine 
glands are not really secretory, but sen- 
sory nerves, and the glands may be stimu- 


lated by humoral agents, as they are j] 
the horse (Evans, 57; Evans et al., ’57| 
Thus, one must not assume too readi} 
that mere spacial intimacy of nerves a 
structure necessarily denotes a neur 
visceral relationship. 

The only other point we wish to discu; 
is the innervation of hair follicles. T 
nerves that penetrate each hair islar 
send branches to every hair follicle, ar 
each nerve is attached to a compact ner 
ous collar around the base of the iif 
fundibulum. It is significant that this cc 
lar contains pseudocholinesterase, whe 
as the nerves attached to them contai 
only specific cholinesterase. This is ide? 
tical with what one finds in the variou 
end-organs in glabrous skin, in which tk 
nerves have specific cholinesterase a | 
the end-organs proper contain pseudoch 
linesterase. Thus, in agreement wit} 
Winkelmann (’60) we consider the colli 
of nerves an end-organ, which we wif 
henceforth call the “hair follicle enj 
organ.” 


SUMMARY 


1. The skin of Nycticebus el 
many respects that of the Loris. Its de 
has practically no papillary body; it hij 
a scant blood supply; the epidermis is ve 
thin; the hair follicles are arranged 
large islands; the sweat glands over thf 
general body skin are all of the apocri i 
type; the sweat glands on the volar surfa¢ 
of the hands and feet are poorly diffe 
entiated into eccrine glands. All swe@ 
glands seem to have some features whic) 
are common to both the apocrine and 
crine types. 

2. Specialization has not progressed f} 
in the skin of Nycticebus; the concent 
tion of large apocrine sweat glands, th 
“brachial organ,” however, is a specializ 
tion peculiar only to Nycticebus and 
Loris. 

3. The histochemical properties of t 
skin of Nycticebus resemble those of t 
skin of Loris. The apocrine glands abour| 
in phosphorylase, although heretofore t 
enzyme has been found only in the eccrit 
sweat glands of other primates and in tl] 
apocrine glands of Loris only. Apocrial 
glands are all surrounded by nerves whic} 
contain cholinesterase; this is a peculiarif 
of the glands of Nycticebus. | 
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4. Even though apocrine glands are all 
irrounded by nerves which contain spe- 
fic cholinesterase, acetylcholine fails to 
imulate the glands. They are stimulated 
y very small amounts of epinephrine. 

5. The glands on the volar surfaces of 
ie hands and feet resemble apocrine 
ore than they do eccrine glands. They 
spond to neither acetylcholine nor epi- 
ephrine, although large quantities of ace- 
Icholine cause a minimal amount of 
cretion. 

6. The skin of Nycticebus appears to be 
sry primitive, and specialization of the 
arious cutaneous appendages has not 
rogressed very far. Although eccrine and 
pocrine sweat glands have specialized 
long very different paths in higher pri- 
lates, they may have arisen from a com- 
1on form, which may have resembled the 
pocrine glands of Nycticebus. 
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1 Adult female Nycticebus photographed in the animal room. 


2 Detail of the head of the animal in figure 1, showing that the d i t 
Meee ea g e dorsal dark line does not 


‘HE SKIN OF PRIMATES 
Villiam Montagna, Kenjiro Yasuda and Richard A. Ellis ee 


3. The stump of the tail of a male animal pulled back. 


4 The tail is in its normal position. 
5 The left arm of a male Nycticebus with the skin area of the brachial organ removed. 
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PLATE 3 


EXPLANATION OF FIGURES 


Skin from the palm, treated with Gomori’s alkaline phosphatase technique. The capil- 
laries underneath the epidermis are strongly reactive. 


Skin from the volar surface of the hallux. Nerves and end-organs (Meissner corpuscles ) 
show abundant cholinesterase, the end-organs contain both specific and nonspecific 
cholinesterase. 


Skin from the lumbar region of the back showing succinic dehydrogenase. The section 
has been cut parallel to the surface of the skin to show the configuration of a single 
hair island, which contains 26 follicles. The arrow points to the duct of a sweat gland, 
usually roughly in the center of the hair group. The hiatus between the upper and 
the lower portion of the group is a characteristic feature of the skin of these animals, 
and each hair island is usually divided into three or 4 subgroups. 


Skin from the scapular region of the back showing a small island of hair follicles sur- 
rounded by a single capillary loop, strongly reactive for alkaline phosphatase (tech- 
nique of Gomori). 
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PLATE 4 


EXPLANATION OF FIGURES 


Capillary loops around two hair islands in the skin from the lumbar region of the back, 
treated with Gomori’s technigue for alkaline phosphatase. The arrow points to an active 
follicle in a hair group which is otherwise composed of quiescent follicles. 


Specific cholinesterase in the nerves of the skin of the back. Unstained frozen section, 
cut parallel to the surface. Two nerves are seen going to the hair island where each 
divides giving off one nerve to each follicle. 


Two transverse sections of hair follicles in the skin of the lip. The arrows point to the 
hair follicle end-organs, which contain both specific and nonspecific cholinesterase. 
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PLATE 5 


EXPLANATION OF FIGURES 


Succinic dehydrogenase in the skin from the scapular region of the back, showing only 
a part of a hair island. One hair follicle is active, the others are quiescent. Enzyme ac- 
tivity is strong in the epithelial capsule around the hair club and in the outer root 
sheath of the active hair follicle. 


Phosphorylase activity in the epithelial capsule of 4 quiescent hair follicles from the 
skin of the back. 


Phosphorylase activity in the skin from the back. On the right of the quiescent hair 
follicle is a sweat gland with the arrow pointing to the abrupt transition between the 
secretory portion below and the excretory duct above. The duct flares out slightly when 
it reaches the epidermis. 


Skin from the arm showing phosphorylase activity in a sweat gland and in hair follicles. 
The arrow points to the transition between the gland and the duct. 
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PLATE 6 


EXPLANATION OF FIGURES 


Cytochrome oxidase in the skin from the back. Enzyme activity is intense in the 
sebaceous glands and in the sweat gland (arrow). There is some enzyme activity in the 
epithelial capsules of hair follicles and very small amounts of it in the hair germ. 


Skin from the lumbar region of the back showing specific cholinesterase in the nerves 
around the apocrine sweat gland below the arrow. Above the arrow the nerves branch, 
sending one loop around the hair follicle, not seen very clearly, and another loop under- 
neath the epidermis. 


Succinic dehydrogenase in the ducts of the glands of the brachial organ as they open 
into the dilated pilary canals. 
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PLATE 7 
EXPLANATION OF FIGURES 
Segments of glands from the brachial organ showing intense phosphorylase activity. 


The arrow points at the transition between the secretory coil, below the arrow, and the 
duct above the arrow. The duct is more reactive than it appears in this figure. 


Tween esterase activity in the glands of the brachial organ. 


Alkaline phosphatase in the glands of the brachial organ. Both the myoepithelial cells 
and the secretory cells are intensely reactive. The arrow points to the capillaries which 
surround the secretory coil. 


Rich plexus of nerves contaning specific cholinesterase, around the glands of the 
brachial organ. 
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PLATE 8 


EXPLANATION OF FIGURES 


Cytochrome oxidase in a gland from the volar surface of a digit; both the excretory duct 
in the upper portion of the figure and the coiled secretory tubule in the lower portion 
are reactive. 


Phosphorylase activity in the palm. There is strong enzyme activity in the rete ridges 
of the epidermis and in the sweat glands. This preparation shows some glands in their 
entirety. 


Gland from the volar portion of a digit, showing alkaline phosphatase activity, both in 
the secretory coil and in the duct. A few capillaries, rich in alkaline phosphatase, can 
be seen around the gland. 


Secretory coil of the gland from the volar surface of a digit, completely surrounded by 
nerves rich in specific cholinesterase. 
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. THE SKIN OF THE LESSER BUSHBABY 


(GALAGO SENEGALENSIS )' 


KENJIRO YASUDA, TSUYOSHI AOKI anp WILLIAM MONTAGNA 


Arnold Biological Laboratory, Brown University, 
Providence, Rhode Island 


The skin of the lesser bushbaby (Galago 
negalensis) is relatively uncomplicated 
d resembles more the skin of some ro- 
nts than that of primates. 


MATERIALS AND METHODS 


These observations were made on the 
in of one adult male and two females. 
ecimens of skin from the various regions 
the body were removed while the ani- 
als were anesthetized. Paraffin sections 
tissues, fixed in Helly’s fluid and in 
% formalin, were stained with (a) to- 
din blue, buffered to pH 5.0, (b) with 
matoxylin and eosin, and (c) with the 
.S technique; control sections for the 
.S technique were previously digested 
th saliva. Frozen sections of fresh tis- 
es were treated with the method of 
keuchi and Kuriaki (’55) for the dem- 
stration of phosphorylase, that of Glen- 
r et al. (57) for monoamine oxidase, 
at of Farber and Louviere (756) for 
ccinic dehydrogenase, and that of Bur- 
me (’60a,b) for cytochrome oxidase. 
ozen sections of tissue fixed in chilled 
% formalin for 4 hours were treated 
- the demonstration of alkaline and acid 
osphatases (Gomori, 52), alpha naph- 
91 esterase (Gomori, 52), naphthol AS 
state esterase (Pearse, 60), aminopep- 
ase (Burstone and Folk, 56), and cho- 
esterases (Montagna and Ellis, 57). 


DESCRIPTION 


The lesser galago, or bushbaby, is one 
the smaller members of the family 
ligidae. The thick, soft, woolly fur is 
rk gray, with a delicate brown suffusion 
the underparts. The animals are en- 
ely nocturnal, sleeping during the day 


huddled in a box. Our animals thrived 
for two years on a diet of succulent fruits 
and live young mice. When killed, the 
animals were fat and had a rich pelage. 
They did not utter a sound the entire time 
they were in captivity, even when handled. 
In order to study active hair follicles, we 
plucked the hairs from a large area of the 
skin of the lumbosacral region. The naked 
skin there was at first pink, became gray 
after one week, and nearly black after 
three weeks. New hairs emerged on the 
surface 4 weeks after plucking (see Chase, 
°55 for the effect of plucking). 


The epidermis 


The epidermis of the general body sur- 
face is thin. The malpighian layer is three 
or 4 cells deep, the basal cells having 
distinct cytoplasmic denticles that grow 
into the dermis. The cells of the discon- 
tinuous, one cell deep stratum granulosum, 
contain sparse keratohyalin granules that 
stain with basic dyes. The stratum cor- 
neum, 8 to 10 layers thick, is about the 
same total thickness as the malpighian 
layer. The epidermis of the palms, soles, 
and volar surface of the digits is like that 
of the other Lorisidae (Montagna and 
Ellis, 59, 60; Montagna et al., 60). Ex- 
cept over the friction areas, the epidermis 
has a flat underside. Dendritic melano- 
cytes are found only in the tips of the epi- 
dermal ridges in the scrotum, the vulva, 
and in the palms and soles; elsewhere the 
epidermis has no melanocytes. The cells 
of the basal layer rest upon a PAS-reactive 

1 This work was supported by grants from the 
United States Public Health Service RG-2125 


(C10), Colgate-Palmolive Company, and Chese- 
brough-Pond’s, Inc. 
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basement membrane which follows the 
outlines of the basal denticles. 

Except in that of the scrotum, where 
glycogen may occasionally be found in the 
cells of the spinous layer of the surface 
fissures, the epidermis contains neither 
glycogen nor other PAS-reactive, nongly- 
cogen material. 

There is no phosphorylase reactivity in 
the epidermis of the general body surface. 
In the palms and soles a slight reaction is 
concentrated largely in the epidermal 
ridges. Cytochrome oxidase is concen- 
trated in the deeper layers, and the inten- 
sity of distribution differs from region to 
region. The distribution of succinic de- 
hydrogenase and monoamine oxidase is 
similar to that in the epidermis of other 
primates. Aminopeptidase reaction is 
weak; it is stronger in the thicker epider- 
mis of the scrotum and vulva and in that 
of the palms and soles. The epidermis 
has no alkaline phosphatase, except in 
dendritic cells scattered among the epi- 
dermal cells of the palms and soles (fig. 1), 
and to a lesser extent in the epidermis 
elsewhere (cf. Montagna and Ellis, *59). 
A weak to moderate reaction for acid phos- 
phatase throughout the malpighian layer 
is more pronounced in the granular layer 
of the epidermis of the palms and soles. 
There is nothing unique about the distri- 
bution of naphthol AS esterase and tween 
esterase. With few exceptions there are 
no nerve fibers ending in the epidermis 
that contain cholinesterases. Some fibers 
are found in the thick epidermis of the 
scrotum or vulva, and in that of the peri- 
anal region and of the lips. The encap- 
sulated endings will be described under 
the dermis. 


The dermis 


The dermis has practically no papillary 
body, and superficial arcades of capillaries 
are largely absent, except in the palms 
and soles, the perianal region, and the 
lips. The endothelium of these few capil- 
laries stains deeply for alkaline phospha- 
tase, as in most other primates. Dermal 
melanocytes are found only in the perianal 
region, the scrotum, the eyelids and ears; 
fibroblasts are numerous. The reticular 
body is a many-ply structure in which the 
collagenous fibers are oriented alternately 


parallel and perpendicular to the surfac 
Except on the underparts of the body, th 
skin has a thick panniculus carnosus b 
low the fatty layer and is particularly thic 
in the scalp and the back. 

Nerve branches from under the ep 
dermis and from hair follicles join a loos 
net of cholinesterase-rich nerve fibers i 
the superficial part of the dermis. Th 
“hair follicle end-organs” and the nerve 
around the glands are described with thes 
organs. Small, cholinesterase positive en 
organs, are found under the epidermis a 
the mucocutaneous junctions. Very sma 
round Meissner corpuscles, in the uppe 
parts, and large Pacinian corpuscles, i 
the deep fat, are numerous in the palm 
and soles. Throughout the skin of th 
scrotum and the vulva are tangled masse 
of nerves (fig. 2). The nerves that emerg 
from all of these end-organs, and the vari 
ous nerve nets described have strong r 
actions for both specific and pseudoch 
linesterase. Some of the nerves als 
contain monoamine oxidase. 


The pilary system 

Unlike the pelage of other lorisoid 
which grows in large islands of variabl 
numbers, that of the galago grows in sma 
groups of three to 6 follicles (fig. 3). I 
the lips and face the groups are ill-define 

Hair follicles must grow more or les: 
at once. With few exceptions, only thos 
follicles, the club hairs from which hac 
been plucked several weeks before, wer 
active. The animals were fat and health 
and had a rich pelage; the inactivity of th 
follicles, then, cannot be attributed to poo 
nutrition. Hairs and hair follicles resem 
ble those of the other lorisoids we hav 
studied; the hairs have a thin cortex ane 
a large medulla interrupted by evenlk 
spaced hair cells. Quiescent follicles ar 
shallow and extend at most to the middl 
of the dermis. They have a long pilar 
canal into which open the very small se 
baceous glands. The acuminate hair clul 
is surrounded by a thin epithelial sac tw 
cells thick; from this a short hair gern 
is in contact with the small dermal papilla 
Only the follicles in the tail have larg 
arrectores pilorum muscles; elsewhere th 
muscles are very poorly developed. Th 
very long active follicles extend to th 
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y layer and often the bulb abuts against 
panniculus carnosus. 

ctive hair follicles contain a little cyto- 
ome oxidase in the outer root sheath 
ve the bulb and in the cells of the 
Trix; quiescent follicles have a trace of 
stion in the epithelial capsule and the 
r germ. Succinic dehydrogenase, mono- 
ine oxidase, and phosphorylase are dis- 
uted as in the hair follicles of other 
nates. Alkaline phosphatase activity is 
nd primarily in the dermal papilla of 
h active and quiescent follicles and in 
ollar of tissue around the pilary canal 
nediately below the entrance of the 
aceous glands (fig. 4). Very few blood 
sels, with an alkaline phosphatase reac- 
» endothelium, surround the follicles. 
d phosphatase, alpha naphthol esterase, 
1 naphthol AS esterase activity have no 
inctive localization and are like those 
other lorisoids. Some delicate nerve 
rs around the hair follicles are reactive 
acetylthiocholinesterase. These fibers 
not form a network around the follicle 
emerge from the curious plate-like, or 
linar, collar around the pilary canal 
ich is mentioned above. The collar is 
ensely reactive for both acetyl- and 
yrylthiocholinesterase and must be a 
ir follicle end-organ” (figs. 5, 6). 


The sebaceous glands 


The small sebaceous glands open di- 
tly into the pilary canal. Larger and 
re complex glands are found in the 
otum, vulva, perianal region, and lips. 
ne of the glands are well vascularized. 
> sebaceous glands in the scrotum and 
ianal region contain small amounts 
nonglycogen, PAS material; the others 
not. All glands have a strong cyto- 
ome oxidase, succinic dehydrogenase, 
1 monoamine oxidase activity, but prac- 
lly no phosphorylase activity. Seba- 
us glands have moderate to strong 
ha naphthol esterase activity and 
yhthol AS esterase activity, the largest 
nds having the strongest reaction. There 
some aminopeptidase activity in the 
ipheral cells, no alkaline phosphatase 
; 4), and a small amount of acid 
ysphatase. In the meibomian glands the 
um abounds in alkaline phosphatase 
, 7). Sebaceous glands, except for the 


meibomian glands, have no nerves around 
them which contain cholinesterases. 


The sweat glands of the general 
body surface 


One simple, slightly coiled apocrine 
sweat gland is associated with each hair 
group. A narrow, straight duct, with a 
terminal ampulliform dilatation, opens di- 
rectly onto the surface of the skin, near 
the opening of a pilary canal. The secre- 
tory part of the gland extends to the deeper 
portion of the dermis. The glands are larg- 
est in the lips, the eyelids, and the perianal 
region (fig. 8). The secretory segment is 
lined with a simple, columnar epithelium, 
and the duct consists of two layers of low 
cuboidal cells. The cytoplasm of the 
secretory cells stains readily with basic 
dyes; it contains variable amounts of a 
yellow or orange pigment, diffuse amounts 
of glycogen (fig. 8), and nonpigmented 
granules which are PAS-positive. The 
glands abound in cytochrome oxidase, suc- 
cinic dehydrogenase, and monoamine oxi- 
dase. Phosphorylase activity, strong in the 
duct, is present only in the myoepithelial 
cells of the secretory segment. The cuticle 
of the ducts always contains alkaline 
phosphatase (fig. 4), but the secretory coil 
shows very little reaction. The glands of 
the lips, eyelids, vulva, and perianal region 
have variable amounts of enzyme in the 
myoepithelial cells and in the basal portion 
of the secretory cells (fig. 9). Very few 
alkaline phosphatase-rich capillaries sur- 
round the secretory coils. The glands have 
scant to moderate amounts of acid phos- 
phatase, aminopeptidase, alpha naphthol 
esterase (fig. 10) and naphthol AS esterase 
only in the secretory portion. There 
are no nerves containing cholinesterases 
around the secretory segment; those in the 
perianal region and vulva and those in the 
eyelids, however, have nerves around them 
that react for both acetylthiocholinesterase 
and butyrylthiocholinesterase (fig. 11). 


The glands on the volar 
surface of the hands 
and feet 


Sweat glands, sparse on the palms and 
soles, are numerous on the balls of the 
digit. From the thick, coiled secretory seg- 
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ment deep in the fatty pad, a narrow duct 
takes a straight path to the epidermis 
where it forms a slightly coiled intraepi- 
dermal segment (fig. 13). 

The cells of the secretory segment rest 
upon a layer of large myoepithelial cells, 
under which is a thick basement mem- 
brane. The smaller secretory cells are 
shoved toward the lumen, and the larger 
ones remain at the base. Since the small 
cells stain deeply with basic dyes, and 
the larger ones do not, the cells correspond 
to the dark and clear cells respectively. 
Indications of intercellular canaliculi can 
be seen only between the clear cells. 

The clear cells are rich in glycogen, but 
the dark cells have little or none (fig. 12). 
Cytochrome oxidase, succinic dehydrogen- 
ase, monoamine oxidase, and phosphor- 
ylase, heavily concentrated in the secretory 
epithelium, are practically absent from 
the duct. The secretory segment has small 
amounts of alpha naphthol esterase, naph- 
thol AS esterase, tween esterase, acid 
phosphatase, and aminopeptidase; the 
duct has practically none. The basal por- 
tions of the secretory cells and the myo- 
epithelial cells have strong alkaline phos- 
phatase activity (fig. 13), but very few 
arterioles and capillaries with an alkaline 
phosphatase-rich epithelium surround the 
glands. Nerve fibers, with strong concen- 
trations of acetylcholinesterase and some 
butyrylthiocholinesterase, surround the 
coils of the secretory segment. 


DISCUSSION 


The skin of the bushbaby, in some re- 
spects, resembles that of other lorisoids 
and particularly that of the potto (Mon- 
tagna and Ellis, 59, 60; Montagna et al., 
’°60). Noteworthy among these similarities 
are the curious alkaline phosphatase-rich 
dendritic cells in the epidermis, previously 
found only in the potto. 

The general architecture and the prop- 
erties of the dermis concurs with that of 
the other lorisoids. The absence of a pap- 
illary body and the paucity of cutaneous 
blood vessels, including those around the 
appendages, call attention to a relatively 
undeveloped skin similar to that of lab- 
oratory rodents. 

The hair follicles grow in smaller groups 
than those of the potto (Montagna and 
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Ellis, 59). Since nearly all of the follicl 


in the three animals we used were quié 


in definite periods. Follicles grow whéf 
the club hairs are plucked, and the raif 
of growth is about one millimeter per dai} 
Thus, both in structure and in rate | 


ut | 
mY 


dents. The peculiarity of the follicles jf 
the lesser galago is a well-developed “ha 
follicle end-organ” around the pilary can! 
that is rich in cholinesterases, alkaling 
phosphatase, and alpha naphthol esterasy 
These end-organs resemble the “mammé 
ian” end-organs of the sheep and the co 
(Winkelmann, *60), which also contaj 
cholinesterases and alkaline phosphatass 
Quiescent hair follicles contain glycogé 
and phosphorylase, two features peculia 
to primates. | 

The sebaceous glands have little to d 
tinguish them from those of laboratoz 
rodents. Only the glands on the extern, 
genitalia, perianal region, lips, and eyelia 
are well developed; of these the glands 
the scrotum and perianal region contai 
traces of PAS-positive, nonglycogen mat} 
rial, a feature rarely found in other px 
mates. 

Over the general body surface, o 
apocrine sweat gland grows with each h 
group. The glands, neither well developd 
nor unique, resemble those of the pott} 
Unlike the potto, the galago has no larg 
accumulation of apocrine glands near t 
genitalia. Most apocrine glands are smai 
and probably nonfunctional. Their due} 
open free to the surface and not inside | 
pilary canal. Schiefferdecker (’22), wh 
believed that all apocrine glands original | 
opened inside the pilary canal, propos4 
that those glands that occasionally opé 
directly upon the surface rise up seconda| 
ily from the pilary canal to the epidermil 
Steiner (26) thought that this shift from 
the pilary canal to the surface was prol 
ably caused by the expansion of the ski 
surface. Yet, in most mammals the ap 
crine glands open more often near th 
pilary orifices than inside it. Confusion o 
this point has arisen from studies of th 
embryos of man, and also those of the 


\] 


(Yasuda et al., 57), in which the glan 
develop as secondary buds of the pila 
canal. The ducts of the apocrine glan 
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f nearly all the primitive primates we 
ave studied open directly to the surface, 
uggesting that the association of sweat 
lands with the pilary canal may be a 
secondary, rather than a primary event. 
he apocrine glands of the galago are 
mall and the cells contain some glycogen 
nd slight amounts of phosphorylase. Oc- 
asionally, particularly the glands in the 
yelids, scrotum, vulva, and perianal re- 
ion, they have nerves around them that 
ontain cholinesterase. These features and 
thers described indicate that these glands 
ave not attained a high degree of differ- 
ntiation. 

The cytological and histochemical char- 
cteristics of the sweat glands on the 
alms and soles are like those of eccrine 
lands. The narrow duct, for instance, 
raverses a direct path from the secretory 
oil to the surface. 

The skin of the galago, then, resembles 
aat of the potto. The grouping of hair 
ollicles is more definite than that in the 
otto, but the sweat glands of the potto 
re larger, functional, and probably more 
dvanced. 


SUMMARY 


1. The thin epidermis has melanocytes 
nly in the scrotum and in the palms and 
oles. Alkaline phosphatase-rich dendritic 
ells, sown throughout the epidermis, are 
10ore numerous in those of the palms and 
oles. The histochemistry of the various 
nzymes in the epidermis is similar to that 
1 the potto. 

2. The dermis is composed mostly of a 
sticular layer. It is free of dendritic mel- 
nocytes, except in the scrotum. There 
re few capillaries under the epidermis 
nd around the cutaneous appendages. 
ensory end-organs rich in cholinesterases 
re found in the mucocutaneous junctions, 
1e palms, soles, vulva, and the perianal 
kin. Tangled masses of nerves in the 
ermis of the scrotum, external genitalia, 
nd perianal region contain specific cho- 
nesterase. 

3. The hair follicles, similar to those of 
1e potto, grow in small groups of three 
) 6. The structure and the histochemical 
atures of the follicles are similar to those 
f other lorisoids. The follicles are largely 
uiescent at any particular time, suggest- 
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ing that they have periods of general shed- 
ding of hairs. The only singular feature 
of the follicles is a ring, or collar-like “hair 
follicle end-organ” around the upper part 
of the pilary canal, which is rich in cholin- 
esterases, alkaline phosphatase, and alpha 
naphthol esterase. The nerves that emerge 
from the end-organ are reactive for spe- 
cific cholinesterase. 

4. The sebaceous glands are mostly 
small and not different from those of other 
lorisoids. 

5. Only apocrine sweat glands are 
found over the general body surface. These 
small glands open directly to the surface 
near a pilary canal. The glands are prob- 
ably not functional, except on the lips, eye- 
lids, perianal skin, vulva, and scrotum. 
The glands are small, have generalized 
structural features and histochemical char- 
acteristics, and are rudimentary. 

6. Eccrine glands, with a long, narrow 
duct and a slightly coiled secretory seg- 
ment, are restricted to the palms and soles. 
The secretory epithelium is barely differ- 
entiated into clear and dark cells, and 
resembles that of the potto. 

7. The skin of the lesser galago, like 
that of the other lorisoids studied, is rela- 
tively unspecialized. It has some features 
which are characteristic of primates, but 
with the exception of the hair groups, 
which are more consistent and contain 
fewer hairs than the groups in the potto 
and the lorises, the skin is apparently very 
primitive. 
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PLATE 1 


EXPLANATION OF FIGURES 


1 Dendritic, alkaline phosphatase-rich cells in the epidermis of the palm (arrow). Approx. 


x 50. 


2° The dense network of acetylcholinesterase-containing nerve fibers at the apical part of 
the clitoris. The dark-staining globules at the tip of the clitoris are the mucocutaneous 
end-organs which contain pseudocholinesterase. 


3 Surface cut of the epidermis ot the lumbosacral region showing hair groups consisting 
mostly of 4 follicles. Each group is surrounded by nerve fibers that contain acetylcho- 


linesterase. Approx. x 70. 


4 Skin from the perianal region stained for alkaline phosphatase. The strongest reaction 
is in the duct of the apocrine sweat gland above the curved arrow, while the secretory 
The “hair follicle end-organs” (straight arrows) have 


portion has a weak reaction. 
intense reactivity. Approx. x 50. 


Pearse, A. G. E. 1960 Histochemistry, Theoret 
ical and Applied (Second Edition). Little 
Brown and Co., Boston, Mass. 

Schiefferdecker, P. 1922 Die Hautdriisen des} 
Menschen und der Saugetiere, ihre biologische 
und rassenanatomische Bedeutung Sowie Mus+} 
cularis sexualis. Zoologica, 72: 1-154. 

Steiner, K. 1926 Uber die Entwicklung den 
grossen Schweissdriisen beim Menschen. Z 
Anat. Entwick., 78: 83-97. 

Takeuchi, T., and H. Kuriaki 1955 Histochem+ 
ical detection of phosphorylase in animal tis 
sues. J. Histochem. Cytochem., 3: 153-160. 

Winkelmann, R. K. 1960 Similarities in cuta+] 
neous nerve end-organs. In: Advances in thei 
Biology of Skin. Cutaneous Innervation, Wi} 
Montagna, ed., vol. 1. Pergamon Press, Ltd. 
Oxford, England, chap. II. 
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PLATE 2 


EXPLANATION OF FIGURES 


Pseudocholinesterase-containing “hair follicle end-organs” around both active and quies- 
cent follicles in the eyelid. Approx. x 50. 


“Hair follicle end-organs” in the eyelids showing thin nerve fibers emerging from them. 
The end-organs contain pseudocholinesterase, the nerves only acetylcholinesterase. 
Approx. x 50. 


Alkaline phosphatase activity in the sebum of a meibomian gland. Approx. 50. 


Section of a secretory tubule of an apocrine gland in the perianal region, containing a 
moderate amount of glycogen, homogeneously distributed in the whole cytoplasm. The 
lumen is filled with saliva resistant, PAS-positive substances. The cytoplasmic protru- 
sions are strongly PAS-reactive and probably contain mucopolysaccharides. Approx. 
x 200. 
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PLATE 3 


EXPLANATION OF FIGURES 


Alkaline phosphatase activity in the myoepithelial cells and in the basal cytoplasm of 
the apocrine glands from the perianal region. Approx. 50. 


Apocrine glands from the vulva showing large concentrations of alpha naphthol esterase 
activity in the secretory portion and a weak reaction in the duct. The curved arrow 
shows the transition between the secretory portion below and in the duct above. Approx. 
2505 


Numerous nerve fibers containing acetylcholinesterase around an apocrine sweat gland 
in the vulva. Approx. x 50. 


Eccrine sweat glands in the palm, with large amounts of glycogen in the clear cells, and 
a moderate amount of nonglycogen, PAS-positive granules in the dark cells. The myo- 
epithelial cells are very large. Approx. x 200. 


Alkaline phosphatase reactive eccrine sweat glands in the palm. The reactivity is local- 
ized in the cuticular border. Approx. X 50. 
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he Blood Groups of Chimpanzees: The 
h-Hr (CDE/cde) Blood Types' 


ALEXANDER S. WIENER anp EVE B. GORDON 


From the Serological Laboratory of the Office of the Chief Medical 
Examiner of New York City, and the Division of Immunohematology 
of the Jewish Hospital of Brooklyn, New York 


The first study of the Rh-Hr types in 
impanzees was reported by Wiener and 
ade (45). At the time of that study, 
ly antisera of specificities anti-Rh, (anti- 
), anti-rh’ (anti-C), anti-rh” (anti-E) 
d anti-hr’ (anti-c) were available. 
ood specimens from 10 chimpanzees 
sre tested, and it was found that all gave 
e identical reactions with these 4 re- 
ents. In the tests by the saline agglutina- 
m method, with the anti-Rh., anti-rh’, 
id anti-rh” sera, the reactions were either 
gative or very weak, and the weak clump- 
z that did occur could have been due to 
teroagglutinins. The anti-hr’ serum 
ailable at the time had a very high titer 
50 units) in saline media, and it was 
ind that the chimpanzee blood speci- 
ons all reacted to the same titer with 
is reagent as human type rh (type 
ddee) cells. It was therefore concluded 
at the chimpanzees all belonged to an 
-Hr blood type corresponding to human 
od type rh. 
In 1952 and 1953, the Rh-Hr types 
chimpanzees were reinvestigated by 
iener (752) and by Wiener, Gavan and 
rdon (753). During the interval of 8 
ars since the previous study, new 
sthods of testing with Rh-Hr and other 
tibodies had been devised, namely, the 
nglutination method, the anti-globulin 
-hnic and the proteolytic enzyme method 
Viener, 54). With the aid of these newer 
hhnics, and the more potent reagents 
ailable, it was then found that blood 
Is of chimpanzees reacted with anti- 
» sera as well as anti-hr’ serum, and to 
proximately the same titer as human red 
Is having these blood factors. A total 
8 chimpanzees were tested, and the 
od cells of all 8 gave the same reactions 


with these reagents. These results proved 
that chimpanzees are actually Rh. posi- 
tive, and not Rh, negative as originally 
believed. 

Since 1953, Rh-Hr antisera of additional 
specificities have become available. There- 
fore, when Dr. Maitland Baldwin, Chief of 
the Surgical Neurology Branch of the Na- 
tional Institute of Neurological Diseases 
and Blindness, made available to us blood 
samples from 14 chimpanzees being stud- 
ied at that institute, the opportunity was 
used to carry out further investigations on 
their Rh-Hr blood types. 


MATERIALS AND METHODS 


The blood specimens were received by 
mail and arrived in excellent condition. 
The sera were separated from the clots, and 
blood suspensions prepared as described in 
the previous paper (Wiener and Gordon, 
’°60). In addition to the saline suspensions 
of the untreated red blood cells, saline sus- 
pensions of ficinated red blood cells were 
prepared as follows. Chimpanzee red blood 
cells were washed in normal saline solution 
three times, and 10 drops of the packed 
washed red cells were mixed with one drop 
of a one per cent saline solution of ficin. 
The mixture was incubated at 37°C for 
one hour, and the ficinated cells were then 
washed once with saline solution to stop 


1JIn this paper, in conformity with the recom- 
mendation of the Committee on Medicolegal 
Problems of the American Medical Association 
(Wiener, Owen, Stormont and Wexler, ’57), sym- 
bols for agglutinogens, phenotypes, and blood 
group systems are printed in regular type, symbols 
for blood factors and their corresponding anti- 
bodies in boldface type, and symbols for genes 
and genotypes in italics. 

2 The C-D-E symbols used in this paper were 
inserted by the author at the request of the editor. 
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the action of the enzyme. The washed 
ficinated cells were then suspended in 
enough saline solution to make a 2 per cent 
suspension. Similar suspensions of un- 
treated and ficinated cells were prepared 
of human blood cells of known types rh, 
Rh,Rh,; (CCDee), Rhi*rh (C’CDee), Rh:Rhz 
(ccDEE), Rherh (ccDEe), Rh.” (ccddeeV ), 
etc., for use as controls with the appro- 
priate antisera. 

For testing for blood factor Rh. by the 
saline agglutination method, an exception- 
ally potent (titer 2,000 units) anti-Rh. 
serum (No. 2, in table 1) was available. 
This was diluted 40 times for use, so as 
to have a titer of 40 to 50 units for human 
Rh-positive red cells. The diluted reagent 
was prepared in two different ways: (a) by 
adding 39 volumes of saline solution, and 
(b) by adding 39 volumes of a mixture of 
saline solution with one tenth its volume 
of 30 per cent bovine albumin. These two 
diluted reagents were used for testing sa- 
line suspensions of unmodified chimpanzee 
red cells, both directly and by the titration 
method in parallel with human red cells of 
known Rh-Hr types. Two different anti- 
Rh, sera (No. 3 and No. 4 of table 1) con- 
taining “univalent” Rh, antibodies were 
used in the study. One (serum No. 3), 
which had a titer of approximately 150 
units for ficinated human Rh-positive cells, 
was used by the titration method for test- 
ing ficinated chimpanzee red cells. The 
second reagent (serum No. 4) was also 
used by the ficinated cell method, but only 
undiluted, and the intensity of the reac- 
tions recorded. In addition, an anti-rhesus 
guinea-pig serum (serum No. 1) was used, 
which was kindly made available to us by 
Dr. R. E. Rosenfield. This serum was di- 
luted with an equal volume of saline solu- 
tion, and then absorbed three times with 
a half volume of pooled, packed, washed 
human red cells of types Airh and Brh. 
The absorbed guinea-pig serum was then 
used by titration method against saline 
suspensions of untreated chimpanzee red 
cells, in parallel with human red cells of 
known Rh-Hr blood types. 

For testing for blood factor rh’, an anti- 
Rh,’ (Anti-C+D) serum (serum No. 5), to 
which anti-Rh, blocker had been added, 
was used. This reagent, which had a titer 
of approximately 30 units for human red 


cells having the factor rh’, was used und 
luted by the saline agglutination metho 
and the direct reactions recorded. In addi 
tion, a “pure” anti-rh’ serum (serum No. 6 
was used, which had a titer of approxi 
mately 200 units for human red cells ha 
ing the factor rh’. This reagent, which wa’ 
kindly provided to us by Dr. P. Levine, wai 
used by the titration method against fici 
ated chimpanzee red cells. For testing fo 
blood factor rh”, two different reagent 
were also used, one a “blocked” anti-Rh. 
(anti-D+E) serum (serum No. 7) by the 
saline agglutination method, and the sec 
ond (serum No. 8) a pure anti-rh” serun 
with a titer of approximately 100 units fo: 
ficinated human red cells having the blooc 
factor rh”. For testing for blood facto: 
rh” (C”), an antiserum (serum No. 9) o: 
specificity rh“1 + K (C” + K), was avail 
able. This had a titer of approximately 2( 
to 30 units for ficinated human red cell: 
having the rh™ factor, and it was used un 
diluted for testing the ficinated red cells 
Three different antisera were used fo: 
testing for blood factor hr’, by the ficinatec 
cells method. One of the reagents (No. 10 
in table 2) was used undiluted, and onl; 
the direct reactions recorded, while thi 
other two (Nos. 11 and 12), having titer: 
of approximately 40 and 20 units, respec 
tively, were used by the titration method 
An exceptionally potent anti-hr” serum (se 
rum No. 13), with a titer of approximately 
150 to 200 units of ficinated human rec 
cells having the blood factor hr” was used 
which had been obtained from the Biotes 
Laboratories. For the sake of economy 
this serum was first diluted with 4 volume 
of saline solution, and the diluted reagen 
was then titrated against ficinated chim 
panzee red blood cells. In addition, a poly 
valent serum (serum No. 14) of specificit 
rh” + hr’, with a titer of 30 to 50 unit 
for ficinated human cells having these tw 
factors was used by the titration metho 
for testing the ficinated chimpanzee re 
cells. A very interesting serum (serum Nc 
15), kindly provided by Dr. Maurice Sha 
piro, was also used, but only for testing th 
blood from the two group O chimpanzees 
because the serum came from a group ( 
patient and had not been absorbed to re 
move its alpha and beta isoagglutinins 
This patient (Shabalala) belongs to typ 
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fo" (no C-D-E equivalent), and her 
‘um reacts with all human red cells ex- 
Bthose of type Rh, (D——/p——) 
dd Rh” (DC*—/DC*—).* By absorption 
joeriments, Shapiro (’60) has been able 
fractionate from Shabalala serum re- 
jents of specificities anti-Hr (anti-C-+c+ 
{-e) and anti-hr* (anti-e*), respectively. 
jerefore, for the purpose of the present 
\idy this serum (serum No. 15) has been 
signated simply as anti-Hr + hr‘. 
For testing for the factors Rh* (D*), Rh® 
)®), Rh° (D°) and Rh” (D?), the antisera 
erums Nos. 16, 17, 18, and 20, table 3) 
+m the original 4 cases were available 
Viener, Geiger and Gordon, 57; Unger, 
Wiener and Weiner, ’59; Unger and 
yener, 59; Unger, Wiener and Katz, ’59; 
cks, Wiener, Jahn, Spurling and Unger, 
¥); Wiener and Wexler, 59). In addition, 
{second serum (No. 19), apparently of 
scificity anti-Rh° was used, which had 
j2n obtained from a different case 
iViener and Unger, 60). Two additional 
jtisera (serums Nos. 21 and 22), con- 
ming antibodies of related specificities 
id tentatively designated anti-Rh*™ (D*") 
¢d anti-Rh® (D"), respectively, were also 
gailable. All these reagents were used by 
i> titration method against ficinated chim- 
énzee red cells, in parallel with human 
j.-positive and Rh.-negative cells. 
‘In addition to these tests, others were 
é-ried out with reagents of specificities 
eti-hr (f or ce), anti-hrY (V) anti-P, anti- 
anti-F and others. The reactions ob- 
ned with these additional reagents were 
most cases not clear cut and they will 
; be presented in this paper. 


RESULTS 


iFor the sake of clarity, the results have 
'2n subdivided into three parts, namely, 
3» reactions with Rh antisera (table 1), 

reactions with Hr antisera (table 2), 
d the reactions with antisera specific for 
hod factors associated with Rh, (table 3). 
‘Rh factors. The blood specimens of all 
| chimpanzees gave similar reactions 
‘th the various Rh antisera. The reac- 
ns with anti-Rh, sera nos. 2, 3, and 4 
‘re indistinguishable from those of hu- 
in Rh.-positive red cells, indicating that 
3 blood cells of all chimpanzees have an 
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Rh, factor, confirming the previous report 
of Wiener, Gavan and Gordon. However, 
in tests with anti-rhesus serum (serum 1, 
table 1) the reactions of chimpanzee red 
cells resemble those of human Rh.-negative 
cells. These results indicate that while 
chimpanzee red cells have an Rh, factor, 
the factor is not identical with the Rh, fac- 
tor of human blood. The failure of chim- 
panzee blood to react with anti-rhesus 
guinea-pig serum indicates that chimpan- 
zee cells do not react with all reagents 
which appear to be of specificity anti-Rh.. 
This may explain why in the original study 
of Wiener and Wade, with the reagents 
available in 1943, the chimpanzee blood 
samples reacted as though they were Rh. 
negative. 

The results of the tests with sera nos. 
5, 6, 7 and 8 indicate that chimpanzee 
blood cells lack both the blood factors rh’ 
and rh”, The weak and irregular reactions 
sometimes obtained with sera 5 and 7 may 
be attributed to incomplete blocking of the 
Rh, antibodies in these two reagents and/ 
or to heteroagglutinins. The results of the 
tests with serum no. 9 indicate that chim- 
panzee red blood cells also lack blood fac- 
tor rh”. 

In summary, the reactions with anti- 
sera of specificities anti-Rh., anti-rh’, anti- 
rh”, and anti-rh” indicate that chimpanzee 
red cells have an agglutinogen resembling 
that of human blood of type Rh. (ccDee). 
However, that the agglutinogen of chim- 
panzee blood is different from the human 
agglutinogen Rh. is shown by the negative 
reactions of the former with anti-rhesus 
guinea-pig serum. Therefore the Rh type 
of chimpanzee red cells may be designated 
by a symbol such as Rh.™ (ccD*ee™), in 
order to indicate its similarity to the hu- 
man type Rh. and at the same time to 
emphasize the differences. 


3 As explained in the Special Report of the 
Committee on Medicolegal Problems (Wiener, 
Unger and Sacks, ’60) of the American Medical 
Association, the symbols having a capital R with 


a double bar above it (R) refer to blood lacking 
all the factors of the two pairs rh’—hr’ (C—c) and 
rh’—-hr” (E-e), while a single bar (R) refers 
to blood lacking both factors of the pair rh”—hr” 
(E-e) but having at least one factor of the pair 
rh’-hr’ (C-c). 
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\Hr factors. The results of the tests 
th antisera containing Hr antibodies are 
mmarized in table 2. The reactions with 
ca no. 10, no. 11 and no. 12 indicate that 
impanzee red cells have a blood factor 
}2ntical with or very similar to the human 
»0d factor hr’, confirming the previous 
joorts of Wiener and Wade and of Wiener, 
.van and Gordon. On the other hand, 
2 results of tests with serum no. 13 indi- 
jte that chimpanzee red cells lack the 
stor hr”. Thus, for chimpanzee blood 
2 reciprocal relationship between factors 
” and hr” does not appear to hold, since 
‘th members of this contrasting pair of 
}bod factors are absent from chimpanzee 
ll blood cells. This can be indicated by 
| to the symbol for the chimpanzee 


a a 


— 


= 


j: blood type a single bar above the capital 
'as follows: Rh.“ (D'c—)°. These find- 
ss and conclusions are supported by the 
halts of tests with the polyvalent sera 
*. 14 (anti-hr’ + rh”) and no. 15 (anti- 
? +hr*) (Canti-C+ct+E+et+e®) both of 
hich failed to clump chimpanzee red 
‘ls, again demonstrating the absence 
om such cells of the blood factors rh’, 
y, hr”, hr® and Hr. 
«Blood factors Rh4, Rh?, Rh° and Rh’. 
e blood specimens of the 14 chimpan- 
ys were also tested for the blood factors 
sociated with Rh., using antisera of spe- 
Hicities anti-Rh*, anti-Rh®, anti-Rh°, and 
ti- Rh? as well as two additional antisera 
Jnporarily designated as anti-Rh®" and 
fti-Rh', respectively. Results of these 
‘ts are shown in table 3. Except for tests 
‘th anti Rh° serum, the reactions of chim- 
nzee red cells with these reagents were 
y lower titer than those of human Rh.- 
jsitive red cells. These findings indicate 
it chimpanzee red cells have blood fac- 
4 Rh° as fully developed as in Rh-positive 
‘man blood, while blood factors Rh® and 
> if present at all, are low grade vari- 
‘ts. The reactions of chimpanzee cells 
hh anti-Rh* serum are of intermediate 
ensity, the titer of this reagent for chim- 
sazee red cells being about one fourth as 
th as for human Rh.-positive red cells. 
¢e blood factors Rh®” and Rh” which are 
‘the process of being investigated, appear 
‘be present in chimpanzee red cells, but 
| titers of these antisera are about one 
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third to one half as high for chimpanzee 
red cells as for human Rh.-positive red 
cells. 

DISCUSSION 


The results of the experiments described 
in the present paper, as well as in previous 
reports, indicate that all chimpanzees are 
Rh, positive, and belong to the identical 
Rh-Hr type, to which has been assigned the 
symbol Rh.. This particular symbol was 
selected to indicate similarity between 
chimpanzee red cells and human red cells 
of type Rh. in their reactions with Rh-Hr 
antisera. Since chimpanzee red cells fail 
to react with anti-hr” serum as well as 
anti-rh” serum, a single bar has been 
placed above the capital R, as in the 
symbol for the analogous Rh-Hr type found 
in certain rare human bloods. Other pecu- 
liarities of chimpanzee red cells are that 
while blood factor Rh° appears to be fully 
developed, the other blood factors that 
occur in association with blood factor Rh. 
in human Rh-positive red cells, though ap- 
parently present also in chimpanzee red 
cells, appear to be variants. Rather than 
attempt to indicate all these facts in the 
symbol for Rh-Hr type in chimpanzee red 
cells a superscript Ch has been added to 
the symbol. The advantage of a symbol 
such as Rh.“ is self evident, because this 
symbol epitomizes the most important ser- 
ological properties of chimpanzee red cells. 
However, no attempt is made to include all 
the facts known regarding the reactions of 
chimpanzee red cells in the symbol, be- 
cause this would entail change in the sym- 
bol as new facts are learned. Thus, the 
symbol serves aS a mnemonic, and this 
need not be changed whenever further 
studies add new facts regarding the reac- 
tions of chimpanzee red cells with Rh-Hr 
antisera. In fact, even if future studies 
fail to confirm some of the observations 
reported in this paper, it would not be 
necessary to change the symbol which has 
been adopted by us for chimpanzee Rh-Hr 
type. 

A number of other observations provide 
further evidence of the similarities be- 
tween the Rh-Hr agglutinogens of human 
and chimpanzee blood. Firstly, the titers 
of almost all anti-Rh. sera are approxi- 
mately the same for chimpanzee red cells 
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as for human Rh-positive cells. Secondly, 
as shown by Wiener and Gordon (’53), if 
chimpanzee red cells are maximally coated 
with Rh, antibodies, they will react with 
anti-globulin serum to the same titer as 
maximally coated human Rh-positive cells. 
This indicates that chimpanzee red cells 
have approximately the same number of 
sites for Rh-Hr agglutinogens on their sur- 
face as human red cells. Similar results 
were obtained in tests with sera from pa- 
tients with hemolytic anemia, containing 
autoantibodies. This supports Wiener’s 
suggestion (Wiener, Gordon and Gallop, 
53) that such warm autoantibodies react 
with the nucleus of the Rh-Hr agglutino- 
gens, not only in human red cells, but also 
in chimpanzee red cells. 

_ If tests on larger numbers of chimpan- 
zees confirm our observations made up to 
the present time that all chimpanzees are 
Rh, positive and of the identical Rh-Hr 
type, this would preclude the occurrence 
of isosensitization to any of the Rh-Hr fac- 
tors among chimpanzees. On the other 
hand, this does not preclude the possibility 
that at one time Rh-negative chimpanzees 
existed, but were eliminated from the 
population, perhaps by the selective action 
of isoimmunization by pregnancy. At any 
rate, Rh-Hr hemolytic disease does not ap- 
pear to be a problem with which chim- 
panzees have to contend with at the pres- 
ent time. 

SUMMARY 


In tests on blood specimens from 14 
chimpanzees with a battery of Rh-Hr anti- 
sera identical results were obtained with 
all 14 specimens. Chimpanzee red cells 
react with antisera of specificities anti- 
Rh, (anti-D) and anti-hr’ (anti-c), to ap- 
proximately the same titer as human red 
cells having these two blood factors. On 
the other hand, blood factors rh’ (C) rh” 
(E), hr” (e), hr® (e®) andHr (C+c+E+e) 
appear to be absent from chimpanzee red 
cells. Blood factor Rh° (D°) is apparently 
fully expressed in chimpanzee red cells 
while the related factors Rh* (D*), Rh® 
(D*) and Rh” (D°), etc., appear to be 
variants. Another peculiarity of chimpan- 
zee red cells is that they fail to react or 
react only weakly with anti-rhesus guinea- 
pig serum which reacts strongly with hu- 
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man Rh-positive cells. To indicate all the 
facts concerning the. Rh-Hr factors 
chimpanzee red cells, the symbol Rh 
(D"c—™) has been selected for the chi 
panzee Rh-Hr blood type. 


ADDENDUM 


Among the articles published by th 
authors, the present article is unique, sin 
it is the only one which expresses t 
findings in terms of the C-D-E symbols 4 
addition to Wiener’s original Rh-Hr term 
nology. As explained in the footnote 
the beginning of the article, this was dor 
at the edtior’s request, even though tk 
multiplicity (as many as 20 or more) ' 
C-D-E equivalents for a single unambi; 
uous Rh-Hr symbol in some cases, and th 
absence of equivalents in other case} 
made it difficult to comply. The inclusioy 
of the C-D-E symbols may perhaps conve 
the false impression to certain reader 
that the authors’ position has changed r 
garding this question. This is not so, an 
this addendum has been prepared in ordé 
to anticipate and correct any such misa 
prehension. 

The authors maintain unequivocalli 
that for reasons presented in detail els« 
where ( Wiener, Owen, Stormont and We 
ler, 57; Wiener and Wexler, 58; Wiene 
60), and in order not to interfere wit 
future scientific progress in this field, th 
C-D-E notations must be discarded co 
pletely and without delay. One reason wh 
the authors agreed to the editor’s reque: 
to include the C-D-E symbols was to gi 
critical readers the opportunity to compay 
the two nomenclatures, and to see fc 
themselves the contrast between scientif} 


C 


precision of the original Rh-Hr nome? 
clature and the fallacies of the C-D-E not 
tions. One must always bear in mind ths 
the purpose of scientific symbols is to pré 
sent facts tersely, but without distortio| 
or misrepresentation. That is why thi 
Rh-Hr and C-D-E symbols can never 1 
fully equivalent; the latter misreprese 1 
the facts. For example, as many as Il 
different Rh-Hr factors have been foun 
to date, but the C-D-E symbols recogni 
only 6, C-c, D-d, and E-e. A more detaile 
statement concerning this problem, frou 
the point of view of the anthropologisi 


ll be published in a later issue of this 
jarnal. 
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icrements in Hand-Wrist Ossification 


| 


| MEINHARD ROBINOW 
| 


»>ince the first longitudinal growth study 
uGueneau de Montbeillard, the theoret- 
fl importance of increments has been at 
Ist tacitly recognized (Scammon, ’27, 30; 
fiompson, *44). Growth, after all, is not 
42 but rather change in size. For both 
fscriptive and diagnostic purposes the 
vlividual size increment in a given time 
iy be more informative than height or 
vight. 

sOver the years age-increment data 
5 ged behind the obvious need. Except 
® Boas (1898) collectors of longitudinal 
¥:a ignored the problem of individual in- 
*ments. Only after the joint NEA-AMA 
dort of 1933, did Shuttleworth turn to 
o:remental analysis of Baldwin’s 1914 
Hlividual data (Anonymous, ’33; Shuttle- 
esrth, 34). Further contributions were 
ide by Palmer and Reed (35), Palmer, 
{wakami and Reed (737), Simmons and 
‘dd (38) and Robinow (’42). Post-war 
iditions to incremental data include those 
Meredith and Meredith (’50), Thomp- 
fm (51), Garn (’56) and Falkner (’58). 
sDespite the theoretical value of incre- 
ents (cf. Tanner, 51, 52, 55), they have 
jictical limitations, stemming from the 
y asuring error itself. Seasonal varia- 
‘ns in the clothing worn may seriously 
‘luce the accuracy of weight increments 
J Turner (733) has shown. Moreover, 
i> measuring error may be large in com- 
Srison to the normal variability of length 
yrements. Taking the measuring error 
) childhood as +1 cm, the true semi- 
‘nual stature increment as 3 cm, and 
+ RMS variability of stature increments 
“approximately 1 cm (cf. Robinow, *42, 
/163) additive or subtractive errors can 
ily exceed the limits of normal incre- 
ental variability in an individual case. 
In contrast to height-weight increments, 
>refore, increments in the number of 
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bony centers of the hand and wrist (as 
seen on radiographs) hold obvious advan- 
tages. Using serial radiographs, number 
counts (and therefore increments) can be 
substantially error-free. Particularly dur- 
ing the second and third years after birth, 
the number of new centers of ossification 
and the variability in the number of new 
centers are both large. It follows then, 
that such ossification increments may be 
particularly valuable as adjuncts to other 
measures of growth during the critical 
period of infancy and early childhood. 
We have, therefore, investigated indi- 
vidual increments in the number of bony 
centers of the hand and wrist from the 
first through the 7th year in a pilot series 
of boys and girls. In addition to providing 
new sex-specific data on the variability of 
such increments during the pre-school 
years, individual departures from the gen- 
eralized (median) incremental pattern 
have been considered. Moreover, the rela- 
tionship between ossification increments 
and size increments has been analyzed for 
successive 6-month periods. Under test 
was the possibility that the magnitude of 
the ossification increment Ao, is indicative 
of the intensity of growth as confirmed by 
height increments (Ax) and weight incre- 
ments (Aw) in the same time period. 


METHODS AND MATERIALS 


The present study is based upon individ- 
ual 6-month increments in crown-heel 
length, body weight and the number of 
hand-wrist ossification centers of 154 
clinically-healthy white Ohio-born boys 
and girls (Garn and Rohmann, ’59). Ex- 
cept for additional sets of triplets and 
twins, specifically mentioned in the text, 
multiple births were excluded from the 
tabulations, as were like-sex siblings of 
index cases and children too young to have 
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completed the full 28 hand-wrist ossifica- 
tion centers at the time the data-analysis 
was initiated. 

Raw increments for length and weight 
were calculated (by subtraction) from in- 
dividual values of recumbent length and 
weight corrected to nude weight. Sex-and- 
age specific cumulative frequency curves 
were then compiled from the raw distribu- 
tions, converted into percentiles, and 
(having made preliminary tests for skew- 
ness) transformed into normalized T- 
scores using McCall’s method (Johnson, 
‘49) as validated by Lacey (’56) and de- 
scribed in Garn and Shamir (’58). Incre- 
ments for the number of new ossification 
centers in each 6-month period were simi- 
larly derived from the number of centers 
observed in successive radiographs, con- 
verted into cumulative frequency curves 
and then into normalized T-scores. Indi- 
vidual normalized increment values were 
used in computing the correlations be- 
tween ossification increments and _ size 
increments. The total of 44 sex- and age- 
specific increment correlations was ex- 
pedited by the use of the IBM 602 Elec- 
tronic Calculator. 

Since the subject composition of the 
Fels Longitudinal Series is restricted in 
range from upper-lower to upper-middle 
class in the Warner classification, and is 


TABLE 1 


Percentiles for hand-wrist ossification increments 1.0 through 7.5 years 


Boys 
Age 


interval Percentiles! 


50 95 


a 


years 
1.0-1.5 
1.5—2.0 
2.0-2.5 
2.5—3.0 
3.0-3.5 
3.5-4.0 
4.0-4.5 
4.5-5.0 
5.0-5.5 
5.5-6.0 
6.0-6.5 
6.5—7.0 
7.0-7.5 
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4 : : 
Rounded to the nearest whole number of centers since a fraction of a center has no 


meaning. 
2 Pos = Ps 
Ps0 a lee 


Girls 
Percentiles! 
Skew Skew 
5 50 95 
2.32 » 8 ike 0.82 
1.0 (0) 4 8 1.0 
Ae 0 2 ii 225 
Las} 0 1 4 3.0 
15 0) 1 3 2.0 
3.0 (0) if 3 220 
3.0 0 1 2 1.0 
2.0 0 1 8) 2.0 
— (0) 1 24 1.0 
2.0 (0) 0 2) — 
2.0 (0) 0 2 — 
2.0 O (6) i — 
= 0 0 1 — 


unusually homogeneous in respect to p, 
rental ancestry, it is questionable whethe 
the increment percentiles will be approp 
ate or normative to other populations d 
fering in nutritional status, or racial con 
position. However, in respect to relatio; 
ships between ossification increments an 
those for length and weight, generalize 
tion may well be made since the relation 
ships involving A., An. and Av should b 
of the same order of magnitude except i 
malnourished or febrile populations. 


FINDINGS 


As a first step in the data analysis, c 
mulative frequency distributions for sud 
cessive 6-month increments in the nur 
ber of hand-wrist ossification centers wer 
set up for boys and girls respectivel 
Examination of the 26 sex-specific dis 
butions covering the age-range 1.0 to 7. 
years showed the majority to be skewed 
often markedly so. Accordingly, as shows 
in table 1, percentiles rather than meang 
and standard deviations were employed 
as the appropriate measures of central 
tendency and dispersion. Moreover, the 
sex differences were such that sex-specifid 
rather than combined-sex increment pe 
centiles were indicated. 

Although at a few age intervals, notably 
1.5-2.0 years in both sexes, the ossifica 
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| 
‘in-increment distributions were symmet- 
al, skewness was generally consider- 
‘le throughout. The magnitude of the 
vewness is here best represented by the 
th to 95th percentile range divided by 
> Sth to 50th percentile range. Against 
pvalue of 1.0, for a fully symmetrical dis- 
Hoution, skewness values for actual OSsi- 
‘ation increment distributions ranged up 
03.0, as shown in columns 4 and 8 of 
mle 1.- The corresponding height and 
ight increments also proved skewed, 
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percentile 
95 


N 


ro) 


INCREMENT (NO. OF CENTERS) 
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percentile 


INCREMENT (NO. OF CENTERS) 


though to a lesser degree, thus confirming 
skewness as a general property of growth 
increments in the age range considered. 

Turning to the ossification increments, 
the wide variability during the first few 
years is immediately evident. For both 
sexes, except for girls in the age interval 
1.0-1.5 years, a zero increment charac- 
terizes the 5th percentile, while in indi- 
vidual cases as many as 17 new centers 
of ossification may appear in a single 
6-month period. Thus, while one normal 
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Fig. 1 Percentiles for 6-month hand-wrist ossification increments from 1.0—7.5 years. 
The increment distributions for both sexes are markedly skewed. Girls are advanced over 


boys by approximately 6 months. 
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child may exhibit no new centers of ossi- 
fication in the hand and wrist, another 
may gain more than half of the full 
complement of 28 during the same age- 
interval. As shown in table 1, moreover, 
girls are consistently advanced over boys 
in the incremental pattern, by an amount 
approximating one 6-month class interval. 
However, marked variability of ossifica- 
tion increments is notable through the 
third year in both sexes. 

Following the general custom of plot- 
ting the percentiles, as show in figure 1, 
both the skewness and the relative ad- 
vancement of girls over boys is graphically 
apparent. This representation also serves 
to picture the incremental pattern of in- 
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Fig. 2 Individual ossification increment 


dual patterns closely resembling the median trend 
lines. Only a minority of children fit the massed-data increment norms. 


dividual children against the percenti 
“norms.” Some individual ossification i 
crements as well as selected extren 
cases, do more or less parallel the media 
increment pattern, as shown for Fels chil 
dren 120 and 239 (fig. 2). However, mos 
children deviate from the median tren 
line in their ossification increment pat 
tern. Some, as in cases 207 and 363, e | 
hibit an unusually large number of ney 
centers early, others may be delayed o 
year or more in the entire incrementg 
pattern (case 144), while still others a 
characterized by irregular “bursts” of cen 
ters that make them quite unlike th 
smooth normative trend (case 85, fig. 3 
Since individual incremental patterns o 
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Fig. 3 Individual deviations from the increment norms showing marked precocity (cases 


\ activity (case 85). 


iid-wrist ossification depart widely from 
} normative trend lines, the practical 
‘ue of such increments for growth as- 
; 
l 
q 


sment is exceedingly doubtful. 

Correlations involving individual incre- 
‘ats in ossification, length and weight, 
‘rd a further comparison. For ossifi- 
‘ion, variability is considerable during 
| first few years. Height and weight 
vrements similarly exhibit a wide range. 
‘is, with skewness appropriately cor- 
lted by normalization, it is possible to 
‘|; the hypothesis that the magnitude of 
- ossification increment is a measure of 
/ rate of growth. However, while we 
‘| expected to discover that an above- 


{| 
‘| 207 and 363), considerable retardation (case 144), and multiple “spurts” of ossification 
4 


average ossification increment during the 
first few years is indicative of particularly 
rapid growth, and that above-average in- 
crements in later years characterized later 
developing boys and girls, no such infer- 
ence can be drawn from the correlations 
individually listed in table 2. For a total 
of 44 sex-specific correlations involving 
ossification increments and length or 
weight increments, there is no signifi- 
cant average departure from zero. Even 
through the third year, when variability in 
all three measures is still large, the corre- 
lations yield no certain indication that the 
magnitude of the ossification increment 
relates to the rate of linear growth or to 
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TABLE 2 


Correlations between hand-wrist ossification increments and increments of length and 
weight from 1.0 to 6.5 years 
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Length increment 


Weight increment 


Age 


Rntarcal Boys Girls Boys Girls | 
N r N r N i N { 
years 
1,0-1.5 73 — 0.031 67 0.14 74 — 0.00 70 0} 
1.5—2.0 67 — 0.03 68 — 0.00 78 — 0.07 70 —OJ 
2.0—2.5 72 — 0.12 68 0.18 74 — 0.22 68 0 
2.5-3.0 77 — 0.06 72 0.01 79 —0.13 71 — OF 
3.0-3.5 76 0.10 72. — 0.09 77 0.05 72 0. 
3.54.0 74 0.23 71 0.08 76 0.21 el —OF 
4,0-4.5 74 —0.17 69 — 0.02 74 0.00 69 — OF 
4.5-5.0 75 0.16 68 0.19 76 —0.13 68 0 
5.0—-5.5 73 — 0.00 68 — 0.01 74 0.01 69 0. 
5.5-6.0 74 —0.11 65 0.24 74 0.12 66 0.j 
6.0-6.5 75 0.09 63 0.01 76 —0.01 63 — Ou 


1 All correlations computed from normalized sex-specific T scores, thus minimizing the effects | 
skewness in all three variables considered. For details see Garn and Shamir (’58) and tte 


present text. 


the magnitude of weight gain. A “burst” 
of centers, a common observation in clini- 
cal studies, is no indication of a surge of 
growth, while failure to add any new cen- 
ters over a 6-month period cannot be used 
as an indication of (temporary) growth 
failure. 

Since ossification increments have failed 
to meter growth as adjudged from crown- 
heel and weight increments, there was ob- 
vious interest in explaining differing indi- 
vidual incremental patterns of ossification. 
Previous evidence that the time of appear- 
ance of centers, the Z-score pattern of 
appearance, and the sequence of appear- 
ance were at least partly under genic con- 
trol (Sontag and Lipford, ’43; Reynolds, 
‘43; Garn and Rohmann, 60) prompted 
us to compare the incremental pattern 
for monozygotic and dizygotic twins and 
triplet sets. The results, as plotted in fig- 
ure 4, for a set of monozygotic twins and 
a like-sexed dizygote point to the close 
similarity of ossification increments in 
monozygotes and the greater divergence 
between dizygotic but still like-sexed prod- 
ucts of a single pregnancy. 

Inasmuch as the magnitude of hand- 
wrist ossification increments proved quite 
unrelated to length and weight incre- 
ments, the value of such ossification in- 
crements as a measure of general growth 
activity may be considered doubtful in 
clinically healthy children. However, the 


at genic determination. 


DISCUSSION 


It is evident from these findings that ¢ 
sification increments during the pre-schoj 
years are in a class by themselves. The 
are skewed, considerably more a 
than size increments. They are quite of 

1 
4] 


related to length and weight increment 
There is evidence, drawn from twin a 
triplet comparisons, that the “increme 
tal pattern,” that is the number of ne 
centers appearing in successive 6-mont} 
periods, is largely under genic contr 
Only in the extent of sexual dimorphisr} 
with the girls approximately 6 month 
ahead of the boys in the incremental pa 
tern, do the ossification increments coi 1 
cide with previous expectation. | 

At different ages the ossification incri# 
ments are first negatively and then pos# 
tively skewed and the skewness inddf 
rises as high as 3.0 for some age interval} i 
Ossification increments, therefore, agray 
with the trend observed for height-weigh#! 
increments by Shuttleworth (34) b 
exaggerate the natural skewness charai! 
teristic of increment data. Clearly, meaty H 
and standard deviations are not appropny 
ate for increments, and the method dit 
representation employed by the Meredit 
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_ Fig. 4 Hand-wrist ossification increments in monozygotic and dizygotic pairings. In 
/monozygotes, the increment patterns are nearly congruous with summed deviations (2d) 
i of 2 and 5 for pairings 96-97 and 331-332 respectively. The dizygotic pairings 330-331 


eredith and Meredith, *50) is to be 
jamended. Particularly at the low end 
she increment distribution, representing 
cases of greatest clinical interest, 
dard deviations are especially inept 
sortraying the true variability of incre- 
cS. 

he lack of correlation between ossifica- 
in increments (A) and size increments 
4. and Aw) merits careful comment. For 
, later ages, 4 and beyond, this may 
ply reflect the limited variability of 
‘ification increments, though one might 


, and 330-332 are much more divergent with summed deviations of 14 and 15 respectively. 


expect the later-developing children to ex- 
hibit larger advances in both size and 
ossification. However, at earlier ages, 
ossification variability is considerable. One 
might expect that at 1.0-1.5, when some 
children evidence no new ossification cen- 
ters and others exhibit as many as 13 to 
17 new centers, size and ossification in- 
crements would be reasonably related. 
True, the relative imprecision of incre- 
ments of length and weight may obscure 
a moderate correlation between size in- 
crements and ossification increments, but 
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if this is so it raises additional doubts as 
to the practical utility of such increment 
data. The present results do not suggest 
that a “burst” of ossification centers marks 
a spurt in general growth, nor do they 
indicate that a total absence of new cen- 
ters is diagnostic of growth failure in any 
6-month period from the first through the 
7th year. 

The twin and triplet data herein assem- 
bled suggest that the “incremental pat- 
tern” is at least in part gene-determined. 
While there is little question that osseous 
maturation may be delayed in simple mal- 
nutrition, protein-deficiency growth fail- 
ure and disorders limiting vitamin or nu- 
trient absorption or utilization, the timing, 
patterning, sequence and increments of 
ossification appear in normal children to 
come under the class of genetic traits. 
For this reason the incremental pattern in 
various local and geographical races and 
in monozygotic and dizygotic twins is of 
particular interest. Comparative investi- 
gations now under way at Brazzaville and 
in Kampala, and twin studies in Louisville 
(cf. Falkner, 60) may be particularly con- 
tributory to elucidation of genetic deter- 
minants of ossification increments and 
patterning. 


SUMMARY 


1. Successive 6-month increments in 
length, weight and the number of post- 
natal hand-wrist ossification centers were 
individually determined for 154 Ohio-born 
boys and girls aged 1.0 to 7.5 years. 

2. Increments for length and weight and 
especially ossification increments were 
markedly skewed, indicating the inappli- 
cability of means and standard deviations 
to increments. 

3. Relatively few children followed the 
median increment curve for ossification 
increments raising the question of the 
diagnostic value of such incremental data. 

4. Correlations between ossification in- 
crements and those for length and weight 
approximated zero, even at ages charac- 
terized by marked variability in the num- 
ber of new centers of ossification. Thus 
the number of new centers of ossification 
in a given 6-month interval was not an 
indication of the velocity of growth. 


STANLEY M. GARN, CHRISTABEL G. 


ROHMANN AND MEINHARD ROBINOW 


5. Comparison of the incremental ps 
terns of hand-wrist ossification in mo 
ozygotic and dizygotic twins and triple 
strongly suggested genic control. 
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VIRGINIA AVIS} 


There is a pronounced angular process 
} the mandible of prosimian primates. 
, is structure is well-developed in all mem- 
yes of this group from its earliest Paleo- 
(ae representatives to those of the present 
‘y. It does not occur in Old World mon- 
ys or in apes. Figure 1 illustrates this 
yatrast in jaw formation. A morphologi- 
6 feature which has existed among pri- 
aites for at least 65,000,000 years must 
‘ve functional significance and adaptive 
sue. This supposition is strengthened 


lig. 1 a, Adapis Magnus; b, Macaca sp. (from 
Ygory, 751). 


he Significance of the Angle of the Mandible: 
no Experimental and Comparative Study 


Department of Anthropology, University of Chicago 


by the fact that an angular process was a 
phenomenon widespread among early 
Tertiary mammals and also characterized 
even earlier, supposedly ancestral, mam- 
malian forms as far back as the Middle 
Mesozoic. In Old World monkeys and apes 
the angle of the jaw is greatly reduced. 
This altered structure must represent a 
different kind of adaptive mechanism and 
this too has lasted for a great period of 
time—some 30,000,000 years.* 

The immediate purpose of this paper is 
to report a first step in the analysis, by 
experimental means, of the functional sig- 
nificance of the angle. The results of the 
experiments are used to interpret the in- 
terrelationships of form and function in 
the jaw. With this fuller understanding, 
an attempt is made to interpret the angle 
as it appears in the fossil record. Since 
this structure is present in many non-pri- 
mates, a broader interpretation is included. 
Naturally, no single study can be definitive 
but it is hoped that this method of analysis, 
combining as it does paleontological, com- 
parative anatomical, and experimental pro- 
cedures, will make possible more and more 
definitive studies on the form of the face 
and jaws. 

The initial procedure in the investiga- 
tion was to determine whether or not a 
relationship exists between the angle and 
those muscles which attach to its surface. 
These muscles were removed from the 
jaws of the laboratory rat as this proce- 
dure has been shown to be an effective test 
(Washburn, 747). The well-developed 
angle of the rat made it a particularly suit- 
able animal for the experiments. In con- 
junction with the operations, intra-vital 


1 Present Address: Department of Anthropology, 
University of Washington. 

2 This figure marks the beginning of the Mio- 
cene, East African forms of this time being the 
earliest catarrhines in which this part of the 
mandible is preserved (Clark, °51). 
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injections were given to the animals in 
order to stain the bone. This was perhaps 
the first time vital staining had been com- 
bined with muscle surgery and the results 
obtained were of inestimable aid in inter- 
preting the results of the experiments. 

This study was financed under a grant 
from the Ford Foundation for the study of 
the evolution of behavior under the direc- 
tion of S. L. Washburn. 


MATERIALS AND METHODS 


Operations of several types were per- 
formed under intraperitoneal pentabarbi- 
tal anesthesia on male rats two to four 
weeks of age: (a) removal of the superfi- 
cial masseter muscle (30 rats), (b) removal 
of the internal pterygoid muscle (37), and 
(c) removal of both muscles (11). All 
surgery was unilateral, the unoperated side 
of the jaw serving as control since the 
angle on the unoperated side failed to 
shown any abnormality. 

Superficial masseter muscle operations. 
An incision extending from the angle to 
the orbital region, described by Pratt (’43), 
served to expose the muscle. All fibers of 
the superficial heads were removed from 
the zygomatic arch and mandible.’ A few 
fibers of origin in the infraorbital groove 
were allowed to remain since their remoy- 
al would have caused considerable loss of 
blood. 

Internal pterygoid muscle operations. 
Removal of the internal pterygoid muscle 
was difficult due to hemorrhage from the 
pterygoid plexus of veins which lies on the 
deep surface of the muscle immediately 
adjacent to its insertion. This problem 
was overcome by making an oblique in- 
cision anteriorly from the angle toward 
the opposite side of the jaw, separating the 
angular process from surrounding tissues 
and lifting it away from underlying struc- 
tures to expose the internal pterygoid mus- 
cle on its inner surface. The muscle was 
severed as near its origin as possible. 
Fibers immediately adjacent to the plexus 
were removed by blunt dissection and the 
remaining free portion of the muscle was 
then detached from the mandible. 

Combination operations. Procedure was 
similar to that already described. The 
superficial masseter muscle was removed 
first in order to facilitate exposure of the 
internal pterygoid muscle. 


Wounds were closed by interrupted su 
tures using Chromic 5—0 gut. The animal 
resumed eating within a few hours. A 2% 
aqueous solution of Alizarin red S dye was 
injected intraperitoneally on the second 
and third days prior to surgery or on the 
second to fourth post-operative days. The 
dosage (1 cm’ per 100 gm of body weight) 
was given on two successive days to pre4 
vent a severe reaction and to give a more 
uniform staining. Recovery was rapid} 
with normal activity resumed within 24) 
hours. Diet consisted of hard Rockland rat 
pellets and wheat germ. Growth was ex+ 
cellent with little individual variation. The 
animals were sacrificed from 8—43 days 
after the operations. 


OBSERVATIONS 


Superficial masseter muscle operations# 
As can be seen in figure 2, the angulay 
process was reduced in all dimensions 
when the superficial masseter muscle had 
been completely removed from the mandi 
ble. The amount of new bone on the oper4 
ated angle was far less than that on the 
normal side. Failure to remove all fibers 


We, 


Fig. 2 Diagrammatic representation of the raty 
mandible before and after removal of muscles 
Left, normal; right, operated. (a) internal ptery 
goid muscle removed; (b) superficial massete 
muscle removed; (c) combination muscle re | 
moval. 


* The complex masseter muscle of the rat is | 
fully described in the excellent monograph by | 
Greene (’35). This was an invaluable aid i 
planning and interpreting the experiments. 


ANGLE OF THE MANDIBLE ON 


vending from the zygomatic arch to the 
gle lessened the amount of reduction 
ithe angle. The deep masseter muscle 
5 well-developed and apparently normal. 
ross abnormalities of the skull and 
/ndible did not differ significantly from 
‘se described earlier by Pratt (43) and 
‘Horowitz and Shapiro (’55) for opera- 
us of this type. The altered shape of 
- coronoid process, as shown in figure 2, 
= gests that imbalance in actions involv- 
the temporal muscle is reflected in the 
=n of its mandibular but not its cranial 
vichments. Rostral deviation of the skull 
» ard the normal side plus readjustments 
‘she mandible to altered muscle action 
sught about extreme malocclusion of the 
‘sors, noted also by the earlier work- 
‘* In the present investigation, only the 
fit upper and left lower incisors habitu- 
* occluded. Of the other incisors (left 
ter and right lower), which usually 
»2d to meet, that in the mandible was 
siderably smaller in circumference than 
jt) adjacent incisor which did occlude. 
{ arin-staining demonstrated that growth 
Yboth incisors which failed to occlude 
*| been minimal during the post-opera- 
® period. This indicates that normal in- 
er growth is dependent at least in part 
an normal occlusion and attrition and 
4:, in the absence of these, the growth 
| is diminished. The anterior surface 
he jaw, immediately adjacent to the 
#11 tooth, had also received much less 
diosition of new bone than had the op- 
»te normal side. This suggests that 
9e formation in this region depends for 
“%mpetus upon tooth growth. 

saternal pterygoid muscle operations. 
*e formation was minimal or lacking 
he inferior border of the angular pro- 
4) with the results illustrated in figure 2. 
“|tal malocclusion was not apparent up- 
azross examination and skeletal malfor- 
ion was confined to the angular region. 
\ombination operations. The angular 
fess was entirely absent when both 
oprficial masseter and internal ptery- 
# muscles had been removed completely 
4) 2). In those animals in which a 
= fibers of the internal pterygoid muscle 
ap to be found these were associated 
» a tiny atypical spine of bone at the 
ae. 


The combined use of muscle removal 
and alizarin-staining made it possible to 
demonstrate conclusively that a relation- 
ship does exist between the muscles and 
the size of the bone to which they attach. 
As figure 6 illustrates, the amount of 
growth that has taken place since staining 
can be seen and measured. This improve- 
ment in experimental procedure is possible 
because a sufficient dose of alizarin im- 
parts a deep stain to all bone. Bone formed 
subsequently is white and easily distin- 
guishable from that present at the time of 
staining. A much more precise evaluation 
of the differences between operated and 
normal jaws is obtainable. In an unstained 
operated mandible it is evident that the 
operated angle is smaller than the normal 
angle, but in the stained specimen it is 
possible to observe precisely how much 
new bone has been added and to deter- 
mine to what extent the operated angle 
deviates from the normal. 


DISCUSSION 


The removal of the superficial masseter 
and internal pterygoid muscles of the rat 
shows that the normal postnatal develop- 
ment of the angular process is dependent 
on the presence of the muscles. A similar 
relationship has been demonstrated for 
the temporal muscle (Washburn, 747). 
The general relations of the parts of the 
mandible to the muscles of mastication in 
the rat are shown in figure 3. Since it 


Fig. 3 Mandible of rat showing general rela- 
tions of the muscles of mastication; a, anterior 
head, superficial masseter muscle; b, posterior 
head, superficial masseter muscle; c, deep mas- 
seter muscle; d, internal pterygoid muscle; e, 
temporal muscle. 


4 Persistent growth of the incisors in the rat 
intensifies the extensive alterations in normal jaw 
relationships caused by malocclusion, raising 
problems not pertinent to primate studies. This 
points up the need for an experimental animal 
in which such problems do not arise. 
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has been demonstrated (Baker, *41) that 
the erupting teeth are necessary for the 
formation of the alveolar bone this has 
been indicated as separate. These major 
divisions of the mandible are closely com- 
parable to those suggested by Washburn 
(51) for man, but the elongated, persist- 
ently growing lower incisors of the rat 
complicate the interpretation of the core of 
the mandible. Since the lower incisor of 
the rat is rooted in the ascending ramus, 
the body of the mandible is made up of 
both alveolar bone and the main core to 
which all the other functional areas are 
attached. This dual nature of the body is 
shown by the effect of lower incisor re- 
moval (Baker, *41) and by the effect of 
growth hormone, which accelerates growth 
in length (Baume et al., 53). 

The fact that the various parts of the 
mandible may vary independently to a 
considerable extent may be demonstrated 
experimentally, comparatively, or by the 
study of the growing mandible. However, 
the independence of the parts should not 
obscure the fact that, under normal con- 
ditions, the parts form an_ integrated 
whole, a working complex. Operations, at 
least those involving the superficial mas- 
seter muscle, disturb the normal balance 
and are followed by the changes noted in 
this and earlier papers (Pratt, 43; Horo- 
witz and Shapiro, 55). Most of these dif- 
ferences appear to be due to altered use 
and muscular imbalance, but they do il- 
lustrate that limited interdependence of 
the parts exists. However, considering the 
major character of the operations, the de- 
gree of independence is the principal find- 
ing. 

All of the parts of the mandible which 
are indicated as separate in figure 4 are 
self-differentiating in the embryo (Bhas- 
kar, °53). A normal coronoid process, an- 
gular region, and the beginnings of al- 
veolar bone are present at birth and there 
is no indication that the basic plan of the 
jaw is due to anything but inherent gene- 
tic factors. The transplanted mandible 
will continue to develop for as long as 40 
days (Baker, “41); but continued post- 
natal growth is dependent on the normal 
relations of bone, muscles and teeth. The 


Fig. 4 Diagrammatic representation of th 
main functional areas of the mandible of the rat 


statements that (a) the angular region ig 
self-differentiating and that (b) it is de 
pendent on the functioning of the muscle¢ 
which attach to it are both correct but apf 
ply to different parts of the growth cycle 
The bone which is present in the adult is 
that which has been maintained by the 
functioning muscles. 

The role of these muscles in the ja 
complex can be surmised by anatomico 
mechanical analysis (fig. 3). To test thiy 
experimentally the superficial massete} 
muscle was removed bilaterally in a serie} 
of 21-day rats. Results demonstrated conj 
clusively that apposition of the incisor4 
was severely restricted by reducing thq 
power which could be brought to bear om 
an object held between the teeth. Experi} 
mental work on this score was not ath 
tempted on the internal pterygoid musc 
owing to the difficulty of bilateral removal} 
However, anatomico-mechanical analysiq 
indicates that its possibilities for action a 1 
similar to those of the other muscle.’ 

Because prosimians, both fossil an¢ 
modern, share with the rat well-developee 
front teeth and shallow jaws with an angul 
lar process, it is believed that their bone 
muscle-tooth complex should function ig 
much the same manner. Among living 
forms the aye-aye even has rodent-like in} 
cisors. All remaining modern prosimian / 
except the tarsier have procumbent lowe 
incisors. These are part of an importanl 
adaptive complex in shallow-jawed prosin 


° The superficial masseter muscle is undoubtl! 
edly much more important in incisor appositior | 
ie., gnawing, in the rat as shown by its fa} 
greater size and by the greater effect of its 14 | 
moval. This use may account for the elaboratiou | 
ecg superficial masseter in rodents (Parson | 
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‘is.". Among modern sheep, cattle, and 
j}er the lower jaw with procumbent lower 
-cisors works against the upper lip, serv- 
23 as a mechanism for cutting vegetation. 
- insectivores and tree shrews there seems 
_ be a comparable adaptation in which the 
‘ver incisors are used against the back 
>the upper incisors. This shows the use 
» procumbent lower incisors for cropping 
t|ether apposed to an upper lip or to upper 
ccisors. All lines of evidence suggest that 
* many mammals procumbent lower in- 
ors were evolved as a cropping and cut- 
© g adaptation with the forward and up- 
-ird motion of the jaw in these forms ac- 
! mplished by the superficial masseter and 
ternal pterygoid muscles attached, if the 
iv is shallow, to an enlarged angular 
sion. 

>The significance of the angle is not the 
gle as such but is the bone-muscle com- 
sx and the functioning that this makes 
essible. Therefore, in interpreting the 
sferences between forms in which it is 
jesent or absent, an analysis must be 
‘ide of the whole jaw complex. This is 
snerently complex and more difficult than 
imonstrating the relationship of bone to 
jiscle. In order to simplify the compari- 
§1, it will be limited to a lemur and an 
\i World monkey. After contrasting these 
jlo forms we will discuss the extent to 
itich they are representative of lemurs 
1d monkeys in general. Figures 5a-b 
ow a comparison of the lemur mandible 
jd that of a monkey. The actions of the 
liscles have been indicated by arrows. 


6 


| will be seen that, as the jaw becomes 
f2per, the superficial masseter-internal 
‘:rygoid muscles become more of an ele- 
cor and less of a protruder of the jaw. 
‘je possible interpretation of the changes 
“m lemur to monkey is that, when the 
‘indible became deeper, correlated with 
“ger molar teeth and a more efficient 


1 It has been suggested that this typical modern 
sim is an adaptation for grooming (Wood Jones, 
2). Since the fur is cleaned largely if not en- 
lly by the tongue it is highly improbable that 
(h an elaborate complex has been evolved solely 
i this purpose. It had earlier been suggested 
1 Gregory (’20) that the enlargement of the 
‘gue and its protrusibility had resulted in the 
‘ward tilt or thrust of the front teeth. Large 
11 protrusible tongues in other mammals have 
* had such an effect, so this explanation is 
5 


‘in less acceptable. 
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Cc 


a, Mandible of Adapis Magnus; b, man- 
dible of Macaca sp.; c, Mesopropithecus. Solid 
lines, superficial masseter muscle; dotted lines, 
internal pterygoid muscle. (a and b modified 
from Gregory, 751; c, from Piveteau, °57). 


Fig. 5 
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grinding apparatus, the higher ascending 
ramus was incompatible with the lemuroid 
type of angular process. The typical lem- 
uroid process occurs in a shallow jaw and 
the process extends well posterior to the 
condyle. The fibers of the superficial mas- 
seter and internal pterygoid muscles are 
nearly parallel to the horizontal ramus. 
If a lemur jaw is fitted onto a monkey 
skull it will be seen that this type of jaw- 
muscle complex will not operate properly 
on the monkey skull. 

If the simplified analysis given by the 
comparison of lemur and monkey is cor- 
rect, then the smallest angular regions in 
the lemurs should occur among the lemurs 
with the deepest jaws. This prediction is 
verified as seen in Paleopropithecus, Meg- 
aladapis, and Mesopropithecus, the latter 
being shown in figure 5c. This short-faced, 
deep-jawed lemur, Mesopropithecus, has 
the most monkey-like mandible (Piveteau, 
57). If this line of reasoning is correct, 
then the nearest approach to a lemuroid 
angle among the monkeys should occur in 
shallow-jawed monkeys and this condition 
can be seen best in certain marmosets. 

Although the change in depth of the jaw 
appears to be the most important factor 
leading to a loss of the lemuroid angle, it is 
obvious that there are exceptions to the 
generalization and that additional factors 
must be considered. In certain lemurs of 
moderate size, e.g., Propithecus, the angu- 
lar region is much better developed than 
in Old World monkeys. This difference ap- 
pears to be related to the procumbent lower 
incisors, protrusion of the jaws and a dif- 


ad 


Fig. 6 Internal view of the mandible of a three 
superficial masseter muscle and injection of Alizarin red S. The bone present at the time of the oper 
ation and injection is stained red. Bone formed subsequently is white. 
original mandible is especially visible in the coronoid, condyloid and angular processes. 


b, operated side. Approximately x 2. 


ferent masticatory complex. It is to b 
noted that many of the primitive mammal] 
were shallow-jawed and had well-developed 
angles. Against this broad background 0 
primitive mammalian structure one see 
the lemurs as a special case retaining thé 
primitive features and the monkeys as on 
of the numerous lines of evolution to deeph 
er jaws and larger teeth. 

In man, much of the primitive mastj 
catory pattern of muscle action is still 
maintained, as 
graphic studies (Carls66, 52, 56; Moyers} 
50). Clinical work also reveals an intimate 


maintenance and the attached muscled 
(Rogers and Applebaum, ’41; Masters et al, 
55). However, it is quite probable thag 
with the deepening of the jaws in mon} 
keys, apes, and man, and the consequently 
less mechanically-advantageous position 0 
the superficial masseter-internal pterygoid 
muscle complex, the external pterygoid 
muscle took over much of its former func 
tion as protruder of the jaw. This maw 
explain variations in the development o 
the external pterygoid muscle. 

These speculations depart widely fron 
the immediate conclusions of the experi 
ments on the rat. Nevertheless, the think} 
ing that lies behind them springs fron 
these experiments and is partially sup} 
ported by them. If one thinks of the face 
as a bone-tooth-muscle complex, then it 
evolution is interpreted as the changing re 
lations of the smaller complexes. The an} 
gle of the jaw appears not as bone only 


b 


-months-old rat two months after removal of tha. 


The alizarin outline of the | 
a, normal side:s 
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-ut as an indicator of muscle, motion, and 
yay of life. 
SUMMARY 
1. The superficial masseter and internal 
'terygoid muscles were removed unilater- 
lly in a series of young rats. 

_2. The rats were injected intraperito- 
-eally with a 2% solution of Alizarin red S 
_ye just prior to or just after surgery. 

3. The angular process was greatly re- 
suced in all dimensions when either the 

“1perficial masseter muscle or the internal 
;terygoid muscle was completely removed. 

4. The angular process was entirely ab- 
ent when both the superficial masseter 
ad internal pterygoid muscles were com- 
sletely removed. 

_ 5. Alizarin-staining aided in compari- 
)on of operated and normal jaws by mak- 
jig it possible to see the locale of and to 
sneasure precisely the amount of post-oper- 
‘sive bone growth. 

_6. The findings support the theory that 
jie Jaw is composed of a number of rela- 
‘wely independent parts which vary ac- 
iording to their functions. 

_ 7. The angle is directly related to the 
tinctions of the superficial masseter and 
“iternal pterygoid muscles. 

| 8. The evolutionary significance of these 
i adings was discussed. 
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| THE RESPONSE OF THE IMMATURE MOUSE HUMERUS 
' TO LONGITUDINAL COMPRESSIVE FORCE! 
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Minneapolis, Minnesota 


in the first paper in this series (Felts, 
¥) we presented observations on the re- 
«nse of early postnatal rat and mouse 
1g bones to removal from the limb en- 
Sonment and placement in the subcu- 
tieous site. It was emphasized that— 
1 the embryonic rudiment cultivated 
yvitro (see Fell, 56, for summary review 
tskeletal organ culture )—such postem- 
yonic, cartilage-preceded skeletal organs 
4)ibit remarkable autonomy, i.e., there is 
» ck of dependency upon functional con- 
tons for attainment of gross size and 
spe. On the other hand, it was clear 
st formation and maintenance of spe- 
{2 topographical features are dependent 
)n conditions in the developing limb. 
}ese findings lead to the conclusion that 
¥ gross morphogenesis of cartilage-pre- 
-ed skeletal organs, from embryonic 
sjiment to definitive adult stage, is a 
Sction of the pattern of rates and di- 
tcions of growth and maturation estab- 
ed at the differentiation of the cartilage 
“del and operable until only articular 
ttilage remains. This inherent pattern 
i2rmines both overall form and the oc- 
yrence and progress of ossification, and 
1; the substrate for action of local modi- 
“1g compressions and tensions of the 
1b environment. 

a view of the generally excellent 
‘wth attainment of the free implant 
: the ease of approach to the subcu- 
teous site, it would appear that this is 
suitable system with which to investi- 
2 a problem of extreme importance to 


BL 


“se who are interested in bone growth 
- development; that is, the manner in 
‘ch developing skeletal organs respond 


to known artificial force application, and, 
as a corollary, the analysis of the force 
exerted by the growth of an organ within 
a system. For many years, practitioners 
of orthopedics, orthodontics and_ allied 
specialties have used—with some appar- 
ent success—clinical procedures to limit 
or stimulate growth of skeletal parts. In 
general, these methods are the result of a 
variable and often insufficient amount of 
basic experimentation and a good deal of 
trial and error. Chief among the prob- 
lems involved is the question of the mag- 
nitude and duration of force which will 
influence elongation, as well as _ other 
growth processes, of long bones at vari- 
ous ontogenetic levels. In spite of a large 
number of investigations on the mechani- 
cal control of growth at one or another 
epiphyseal line (e.g., Haas, *45; Blount 
and Clarke, *49; Gelbke, °51; Strobino, 
French and Colonna, ’52 and Siffert, 56). 
the picture is far from clear and, more 
fundamentally, the whole-organ response 
to known forces is virtually unknown. 
Indeed, there has been—to our knowledge 
—but one study dealing specifically with 
the effects of mechanical forces on early 
growth of whole long bones (Glucksmann, 
38, 39, 42), and that a non-quantitative 
one with early embryonic rudiments in 
vitro. 

A basic concept derived from the litera- 
ture is that skeletal organ configuration 
is influenced by two sets of factors, the 
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intrinsic or inherent which alone are 
capable of producing certain recognized 
characteristics of a given bone and the 
extrinsic which act in the immediate and 
more distant environment during normal 
development. One may say that normally 
the intrinsic and extrinsic factors work 
in harmony to produce, respectively, the 
basic plan and the specific refinements of 
bone shape, but at times the extrinsic are 
opposed to the intrinsic—as in cases of 
aitered function or pathologies. In order 
to produce recognizable alterations in bone 
form, there must not only be opposition 
of these factors, but the extrinsic must 
additionally be strong enough to exceed 
what, for simplicity, may be called the 
physiological limit of the developing or- 
gan and of its constituent tissues. Obvi- 
ously, the term “physiological limit” is 
as flexible in definition as it is (at least 
temporarily) useful. However, in terms 
of this investigation, we suggest it as the 
point beyond which, under external forces, 
the developmental mosaic of cartilage, 
bone and germinative tissue, as a whole, 
does not maintain essential spatial rela- 
tionships or the components their expected 
interrelation of individual rates and direc- 
tions of growth and maturation. We shall 
return to this point in our conclusion. 
This experiment, in essence, consists 
of the application of one measurable ex- 
trinsic factor — longitudinal compressive 
force—to whole growing bones under con- 
ditions that preclude normal muscular and 
postural functions. As a technique, we 
developed simple wire appliances which 
were implanted subcutaneously with the 
early postnatal mouse humerus and re- 
sulted in the creation of force as the 
bones grew. More specifically, the im- 
plant was so situated that its longitudinal 
growth and the physical characteristics of 
its tissues would determine the rate and 
extent of deflection of a half-circle of wire: 
the tendency of the wire to return to its 
original conformation exerted a compres- 
sive force against the ends of the bone. 
It was hoped that such a relatively simple 
approach might lead to an understanding 
of the reactivity of size, shape and matura- 
tion in osseous and cartilagenous compo- 
nents of whole long bones at nearly the 
earliest accessible stage of postembryonic 


| 
| 
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development. This paper reports on one 
such experimental series and, it is ou? 
hope, may suggest other applications o? 
the technique. | 

In the previous paper we reviewed the 
history of in vivo culturing or implanting 
of entire bones or major portions thereof 
Rather than repeat such a survey per se 
earlier investigations will be referred ta 
where pertinent to the discussion, as wil! 
the very restricted germane literature con: 
cerning mechanical influences upon grow- 
ing bones. 


MATERIALS AND METHODS 


The series reported here consisted of 
humeri of neonatal mice, implanted with 
or without a compression appliance in 
adults of the same inbred BALB/c strain. 
The implants were, therefore isologous 
(intrastrain) and experienced no advers 
reaction from the host (Felts, °57b). Oper- 
ative procedures were as reported in detai 
in earlier papers. Humeri were remove 
from the two-day donors with the aid of 
Suitable microdissection instruments an 
a stereoscopic microscope. Care was take 
not to injure cartilage, bone or the germi / 
native tissues and, after measuremen 
with a vernier ocular micrometer, speci-+ 
mens were placed in isotonic saline until 
the immediate group was collected. Th 
compression appliance was fitted to the 
desired proportion of the bones in the| 
saline and—after further measurement 


each host via incisions in the dorsal lum. 
bar skin. In all, 72 implants were pro-, 
duced, with 48 in appliances and 24 as) 
free implants. Four implants with appli-4 
ances and two without were collected from 
hosts after periods of 5, 10, 15, 20 and at 
10 day intervals through 60, then 75, 100, 
150, and 200 days (two hosts for each 
interval). For comparison, two unim-]| 
planted humeri were collected from colony 
animals for each age interval. | 
The appliance, as developed after con- 
siderable experimentation, is illustrated 
in figures 1 and 2. Stainless-steel wire, | 
0.011” diameter and heat-treated for max. | 
imum resiliency, was bent around a jig] 
into semicircles approximately 6 mm in. 


f 


BONE IMPLANT RESPONSE TO COMPRESSION 


65 


jeipezs 1 


Photomacrograph of recovered appliance and compressed implant of 50-days dura- 


tion. Appliance has been deformed manually in removing implant for clearing. Note the 


position and concavity of the sheet steel end-plates. 


diameter. Inside the ends of these wires, 
small saucer-shaped discs (0.006” stain- 
less-steel plate approximately 3 mm in 
diameter) were secured by use of an ortho- 
dontic electrowelder. These discs served 
to hold the humerus in position. Because 
the bones varied slightly in length, each 
appliance had to be adjusted, by bending 
of the wire semicircle, to just hold the 
bone passively. 

Before using the appliance it was neces- 
sary to determine the amount of force as- 
sociated with a given deflection. With 
this factor known, as well as the diameter 
of the appliance at the time of insertion 
in and removal from the host, the amount 
of force under which the implant existed 
could be calculated. For this calibration, 
each appliance was suspended by one of 
its discs before a horizontal dissecting 
microscope equipped with a vernier ocu- 
lar micrometer, and its outside diameter 
(weld to weld) was determined (fig. 2). 
Weights then were suspended from the 
other disc and the deflection for each 
weight (force) increment (1, 2, 5, 10, 20 


Approximately 8 * natural size. 
and 20 grams) was measured. All appli- 
ances were so calibrated and mean values 
were used to construct the graph in figure 
3; from the curve obtained, the force- 
deflection relationship was determined. 
When the implants were removed from 
the host, the outside diameter of the appli- 
ances were again measured and _ subse- 
quently compared with the initial meas- 
urements. The force produced by elonga- 
tion of the bone was then found by read- 
ing the correct gram value for the known 
deflection (fig. 3). It is our opinion that 
there were no significant biological fac- 
tors acting to jeopardize the correct func- 
tional relationship between growing bone 
and flexible wire. Over the whole series, 
it was found that the wire-humerus com- 
plex was no more adherent to or restricted 
by surrounding tissues than were the free 
implants. (In early test implantations, it 
was found that rolling-in of the edges of 
the discs prevented the appliance from 
“digging in” in the surrounding tissues. ) 
When removed from the host, and after 
measurement, both types of implants were 
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Fig. 2 
loads. 


Illustration of technique for measurement of deflection of appliance under known 
View is that which would be seen through horizontally-orientated dissection micro- 


scope eyepiece (outer ring). A is the upper wire support of appliance, C is weight suspended 
from lower end-plate. B represents the measurable deflection with the given weight. The 


vertical scale is that of the ocular micrometer. 


fixed in formalin. Those of each group to 
be studied as whole-mounts were cleared 
in KOH (with alizarin Red S added) fol- 
lowed by glycerin. Others were decalci- 
fied and processed for histological section- 
ing. These procedures, as well as the 
particular photographic and _ illustrative 
techniques, have been used in our previous 
studies (Felts, “57a, 57b, 59). 


OBSERVATIONS 


The free implant. The behavior of the 
free humeral implant when removed from 
the limb and placed in the subcutaneous 


site affords a point of comparison with } 


those in appliances and, at the same time, 
an opportunity to restate certain generali- 


ties established in earlier papers. In all} 


essentials, growth and maturation of such 


humeri (here and in earlier experiments) | 


parallels the results obtained by others 
who have worked with such transplants 
of whole bones or major portions thereof 


(e.g., Willis, embryonic long bones in rat |) 


brain, 36; Barnicot, ’41 and Gillette et al., 
‘57, parts of tibiae and ribs; Crelin, rib 
parts and pelvic halves, °54). 
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Fig. 3 The relationship of load increment 


(under conditions depicted in figure 2) to dis- 
tortion or defiection of the appliances to loads 
of 1, 2,5, 10, 20 and 30 gm was determined and 
mean values were used in construction of this 
graph. The shaded area indicates one S. D. about 
each mean and all three lines were drawn free- 
hand through plotted points. 


When placed in the subcutaneous 
pocket, the multitissue implant is sub- 
jected, obviously, to a short period of 
avascularity followed by a period of pro- 
gressive revascularization. The diffusion 
of tissue fluids constitutes a minimal met- 
abolic requirement during the early period, 
but total revascularization must occur in 
time to assure continuous vitality of the 
tissue with the greatest metabolic de- 
mands (i.e., marrow with its osteogenetic 
component). If, for any of a number of 
biological and mechanical reasons, revas- 
cularization is delayed, the several tissues 
will succumb in the order of their depend- 
ency upon vascular sufficiency: marrow, 
bone, periosteum and cartilage (Felts, 
57a). Any series of whole bone implants 
evidences morphological consequences of 
the early avascular period and of varying 
rates and degrees of revascularization. 
This fact is well exemplified by our pres- 
ent free humeral series (fig. 4, bottom 
row), about which several general state- 
ments may be made. First, no evidence 
of ossification is encountered until, usu- 
ally, the 5th day, at which time new 
bone may be recognized at the ends of 


the original shaft. Such bone, lying super- 
ficial to a deeper, marrow-filled erosion of 
cartilage, precedes slightly the re-estab- 
lishment of periosteal deposition (fig. 4). 
Second, the formation of secondary cen- 
ters of ossification is delayed. In the 
normal condition, the proximal and distal 
centers appear at about the same time, 
5 to 6 days after birth. In the implanted 
humerus (fig. 4, second specimen in bot- 
tom row), the first center to appear is 
typically the distal one, at 9 to 11 days 
postimplantation (i.e., 11 to 13 days post- 
natal and, thus, 5 to 7 days late). How- 
ever, once the specific pattern of primary 
and secondary centers is established, the 
normal course is run with relative contri- 
butions to elongation and timing of epi- 
physeal closure as in the normal (figs. 4 
and 5, 4th specimen). Third, implants 
are generally wider across the ends, rela- 
tive to length, and are not, ultimately, as 
long as normal bones. This condition may 
perhaps be attributed to a continuous sub- 
optimal circulation to the deep epiphyseal 
cartilage while peripheral circulation is 
adequate for increase in width around its 
circumference. 

In addition to confirming the results of 
our earlier studies (Felts, 59) regarding 
over-all morphogenetic attainment, the hu- 
meral implants (including the compres- 
sion series in this aspect) show the same - 
loss of surface details, such as articular 
topography and the humeral spine. The 
progressive disappearance of the spine is 
most noticeable and is doubtlessly due to 
its submergence in periosteal depositions 
not acted upon by specific muscles. The 
same explanation serves for other bony 
landmarks, already formed, and the pro- 
liferation of surface cells similarly may 
account for obliteration of articular de- 
tails in cartilage. In-the free implants, 
the pressure of overlying dermis and un- 
derlying muscle causes some anteropos- 
terior flattening and directs periosteal 
activity in such a way as to hasten the 
spread of new bone over the spine region. 
(In the compression series, the appliance 
tended to protect the humerus against this 
pressure and shaft details disappeared 
more slowly on a more rounded shaft.) 
The failure of appearance of certain fea- 
tures normally developing in the period 
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Figure 4 (Continued) 


individual and small-group characteristics were the best among the reduced numbers 
are evident. An example of this condition collected for those advanced periods. This 


series; the distal center is not developed is not borne out in further examination. 
but the general configuration of the bone Systematic examination of figures 4 and 
was ideally median in its group. Another 5 establishes critical differences of size 
unfortunate experimental condition is il- and shape between compression and free 
lustrated in the 50- and 60-day com- series. Although, as already noted, im- 
pressed bones; the first is inordinately plants are consistently shorter than nor- 
large, the second quite small and some- mal bones, a free humeral implant will 
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Fig. 5 A series of normal, free, and compressed mouse humeri. 


21-day normal humerus. 


increase in length from about 5.5 mm at 
two days to 8.5 mm (55% increase) at 
100 days while a compressed humerus of 
the same age has not been found longer 
than approximately 6 mm (9% increase). 
Compressed implants show progressive 
flattening against the appliance and wid- 
ening across the proximal and distal ends 
(especially the former) but. the center 
sections of the bony shafts generally 
match those of the free implants. Matura- 
tion, as indicated by the appearance of 
secondary centers and by epiphyseal clo- 
Sure, proceeded at essentially the same 
rate in both series until advanced stages 
were reached. Both series displayed the 
same reduction in the middle region of 
the shaft (100- and 150-day specimens in 
fig. 4) once growth was completed; the 
feature has been noted in earlier studies 
with humeri and phalanges (Felts, 59) 
and its unexpected occurrence in the com- 
pressed series will be discussed later. 

The inherent timing of ossification in 
the proximal and distal cartilages is an 
important factor in whole-organ response 
to the accumulative load. In this experi- 


Specimens have been cleared and stained, and photographed by 
transmitted and incident light while in glycerin. Approximately 8 natural size. 


From left to right: two- 
day normal (typical of humeri when implanted; 40-day compressed; 75-day compressed; 
the most extreme case of end flattening encountered ) 20-day free (uncompressed ) implant; 


ment, the distal center developed duringif 
the period when elongation was just un-}f 
derway and the force was below the load] 
limit of the cartilage masses. Ossification | 
advanced therefore into a relatively dis- 
tortion-free cartilage and the fusion of this 
body to the shaft (on schedule) occurred 
before gross deformation was possible. 
During the later period of most active 
elongation and, thus, the greatest rate of 
loading by the appliance, the proximal 
cartilage (initially retarded and inherently 
of a prolonged growth period) came to 
manifest the greatest deformation (fig. 510 
second specimen). A most obvious char- |} 
acteristic of the proximal end of the com- 
pression humeri (fig. 4) is the absence of 
the central region of the secondary cen- 
ter; this is most likely attributable to im- 
paired nutrition immediately under the 
central region of the restraining plate. | 

Cessation of growth, as indicated by } 
proximal epiphyseal closure (observed on 
cleared specimens under a high-power dis- | 
secting microscope), occurred earlier in 
the compressed than in the free series, ] 
at 60 rather than 75 days. The ends of | 
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compressed bones of this age and beyond 
are obviously distorted and, for that mat- 
ter, the proximal secondary center shows 
progressive flattening within the deform- 
ing cartilage from as early as 20 days and 
on. It has been a general observation 
that distortion of shafts is in evidence 


| only in regions where ossification has re- 
| placed deformed cartilage and that angu- 
| lar deflections are present in these regions 


only when bones are not well-seated in 
the appliances and consequently do not 


| receive the compressive force along the 


long axis. An example of this is shown 


| in figure 6. 


In attempting to correlate morphogen- 


| esis and maturation of the implant (fig. 


4) with deflection of the appliance (fig. 
3), it is useful to think of the relationship 
as having three successive phases. A dia- 
grammatic representation of this division 
is presented in figure 7 and should be 
compared with the curve for length in- 
crease in figure 8. It should be realized 


A B 


Fig. 6 A comparison of two 50-day com- 
pressed humeral implants. A was properly ori- 
entated in the appliance and is typical of the 
experimental series. B represents a case In which 
the implant was originally, or later became, 
poorly seated in the appliance and the longitudi- 
nal force was not directed along the long axis. 
Bone is indicated by black, cartilage by white. 
Angular distortion has occurred beyond the ends 
of the original bony shaft (see text). 
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that here, as in any arbitrary but reason- 
able division of a biological continuum, 
there is actually a gradual transition from 
one phase to another, and individual vari- 
ations must be reckoned with. 

The first phase (fig. 7, 1) includes the 
period of revascularization and the first 
evident growth of the humerus within the 
appliance. This covers the first 10 days 
after implantation, with an osteogenesis- 
sustaining revascularization usually com- 
plete by 6~-7 days. The experimental 
humerus is wholly comparable to the free 
implant and the slight increase in length 
late in this phase brings it into tight fit 
with the appliance. The second phase 
(fig. 7, 2) covering the period of 10-15 
days after implantation, is one in which 
elongation of the humerus causes obvious 
deflection of the wire appliance. This re- 
sults in a longitudinal compressive force 
upon the implant, but, for the greater part 
of this phase, the force is not of such 
magnitude as to result in gross deforma- 
tion of the cartilage mass. In the third 
phase (fig. 7, 3), beyond approximately 
15 days after implantation, the load limit 
for the cartilage mass is reached and 
elongation slows drastically, then ceases. 
This does not imply that cartilage tissue 
growth (as opposed to organ elongation) 
ceases at once, for subsequent prolifera- 
tion spreads cartilage out against the end- 
plate. Late in the second phase and in 
the third, as bony tissue replaces the 
deformed cartilage, the definitive bone 
assumes that deformity. As indicated 
earlier, this process is a function primarily 
of the proximal cartilage because the dis- 
tal is replaced by bone before the large 
deforming loads have accumulated. Late 
in this phase, deformation of bone at 
both ends becomes obvious (fig. 5, third 
specimen ). 

The determination of the force produced. 
The force produced by the resilient wire 
appliance is equal and opposite to that 
produced by the elongating cartilage; by 
reference to the empirical force/deflection 
curve (fig. 3) it is possible to ascertain 
this growth force in any given implant. 
Such simple force determinations are pre- 
sented in table 1, based on the mean 
deflections for appliances collected from 
5 to 150 days after implantation. Com- 
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l 2 3 


Fig. 7 Diagrammatic representation of th 
produced by growth against the appliance. T 


parison of these with figures 7 and 8 vious deformations begin with between. 
shows that slightly more than 1 gm force 1.2 and 3.0 gm longitudinal compressive 
develops during the predeformation period force and that early cessation of longi- 
of up to 10 days. A force more than tudinal growth and some subsequent de- 
twice that magnitude (3.0 gm) is pro- formation of bone are associated with a) 


duced by the end of what we have called prolonged force in excess of 12 gm. 


phase 2 (10 to 15 days). In phase 3 the Histological findings. We have previ- 
force builds up to nearly 13 gm. The ously documented the reaction of young 
increments in length in table 2, by neces- long bones to subcutaneous implantation 
sity of course, show the same pattern, and and the survival and continuation of es- } 
both match rather well the sequence of sential cartilage maturation and osteogen- J 
three phases suggested by morphogenesis. esis (Felts, °57a, °57b, 59). In the present | 
One may say that for this particular bone investigation, the deformity of the com- 
at these specific developmental levels, ob- pressed humeri makes it Virtually impos- | 
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; Fig. 8 Graphic representation of lengths of compressed and free implants against dura- 
tion of implantation. Each point indicates the mean length of all implants collected for 
that interval. This graph should be compared with the three phases shown in figure 7 and 


is discussed in text. 


TABLE 1 


Mean deflections and approximate forces 
produced by experimental humeri 


Days Mean Approximate 

implanted deflection force 
mm gm 
5 0.013 0.1 
10 0.107 1.2 
15 0.261 3.0 
20 0.335 Syl 
30 0.446 1253 
40 0.422 11.5 
50 0.456 12.8 
60 0.433 12.1 
75 0.428 11.9 
100 0.431 12.0 
150 0.450 1275 


sible to orientate the humeri and cut in 
the planes that yield the single-section 
tissue maps required for this type of mor- 
phological paper. However, the most im- 
portant observations from numerous sec- 
tion of free and compressed implants may 
be briefly summarized: 

1. Unless otherwise indicated below, 
the appearance and distribution of carti- 
lage, bones and the germinative tissues 
were the same in the two series, and as 
indicated in our earlier studies. 


TABLE 2 
Mean overall bone lengths 


Papas bah Se Experimental 
mm mm 
5 5.70 5.70 
10 5.72 5.66 
15 5.88 5.86 
20 6.39 5.90 
30 6.92 5.93 
40 7.04 6.00 
50 7.28 5,99 
60 7.70 5.96 
75 7.78 6.05 
100 8.23 6.02 


2. The proximal cartilage usually pos- 
sesses a superficial central region of ach- 
romasis (interpretable as necrosis or at 
least nutritional insufficiency) which ex- 
tends no further down than the level that 
will contain the secondary center; it is 
associated with the gap in the secondary 
center in the advanced specimens. 

3. The early growth cartilage (or epi- 
physeal line or plate) is identical in depth 
and contour with that of the free implant, 
but as this growth zone comes to occupy 
levels further up in the deforming carti- 
lage, it becomes more irregular in contour, 
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rather less in depth and—as would be 
assumed from the cleared specimens (figs. 
4 and 5 )—wider than in the free implants. 

4. As first formed, the proximal sec- 
ondary center is shaped like that in the 
free implant, but then becomes progres- 
sively flattened. As in most implants, the 
articular cartilage is often deficient and, 
eventually only the flattened center lies 
between the appliance plate and the com- 
paratively thin growth cartilage. 

5. The bony shaft of the compressed 
implant is rather thicker-walled than that 
of the free implant, but not remarkably 
so. The normal long bones of the mouse 
do not possess a complex of numerous 
trabeculae in the metaphyses and no sig- 
nificant increase in number, length or 
diameter of trabeculae was noted in any 
of the compressed humeri. 


DISCUSSION AND CONCLUSIONS 


This investigation has indicated the 
practicability of combining subcutaneously 
implanted long bones with simple mechan- 
ical appliances to test the relationship of 
determinable forces to growth processes. 
In retrospect, one might find several faults 
with experimental design and procedures, 
but in this initial approach to a virtually 
unexplored area, our basic aims were 
achieved. 

Actually, in terms of the intent and 
results of this study, the appliance was 
nearly as efficacious as it was unsophisti- 
cated. It would be unnecessary to run 
additional series with varying thicknesses 
of wire unless one wished to study pos- 
sible effects of the rate of loading upon 
implant growth. If the wire had been 
thicker, producing greater resistance to 
elongation, then the three phases probably 
would have transpired in proportionally 
shorter intervals of time—the opposite 
being true if the wire were thinner. One 
may at least theorize an appliance of this 
type in which the wire is so thin that the 
load limit of the cartilage is never reached 
and, conversely, one so thick that deflec- 
tion does not take place. On the basis of 
our experience, one worthwhile modifica- 
tion in the appliance would be perfora- 
tions in the end-plates to allow access of 
the vascular connective tissues to the 
central surfaces of the cartilages. This 


might have prevented the occurrence of f 
bipartite secondary centers, but this con-}} 
dition does not seem to have altered the} 
fundamental result of the experiment. [Jj 
The present study was carried on with}} 
total organ involvement over a relatively 
long period of time, one encompassing}} 
virtually all of postnatal development. Fon} 
this reason it is difficult if not unwise tof} 
draw direct comparisons with earlier) 
(cited) studies on the effects of restrictive} 
staples or springs on definitive epiphyseal} 
plates only, in clinical patients or experi-}} 
mental animals. This desirable compari-| 
son is prohibited, not by the mere size of} 
implant or nature of the appliance, butif} 
rather by the composition of the develop-f} 
ing whole organ. Here we are dealing) 
with a relatively soft cartilage mass which, }) 
in general, grows centrifugally while hav-}/ 
ing a specific and related site of longitu-]) 
dinal growth in its base against the bony 
shaft. Further, this mass decreases con- 
tinually in relative and absolute volume} 
as it is replaced by bone, the presence andi 
distribution of which the cartilage dictates. 
Theoretically at least, the stress evolved 
in such an experiment is calculable as) 
force per unit cross-sectional area, but 
this is complicated here by the changing 
structural and growth characteristics of 
the subject. The only meaningful cross- 
section would be one through the longitu-§ 
dinal (cartilage) growth center, but it 
obviously undergoes a progressive areal 
increase and, further, analysis of this 
alone would ignore the deformation andl 
diverted proliferation beyond it. It would 
be equally erroneous to consider simply |] 
the area of contact of cartilage and metal 
plate and, of course, the relation of force 
to cross-sectional area of the bony shaft) 
is not pertinent to the process of elonga- 
tion. Calculation of stress, therefore, is 
not practical. It is clear, too, that strain, 
as understood in studies of postmortem 
Stress/strain relationships (Evans, OT) 
(unit linear alteration per unit stress), is ] 
virtually meaningless. While one may 
readily visualize gross deformation in the | 
compressed cartilage mass, it is quite an- J 
other problem to distinguish between the. | 
true distortion (strain) and diverted pro- | 


liferation components in such a deforming 
mass. | 
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The most meaningful comparison of 
our results is that with the forces nor- 


‘y mally encountered by the mouse humerus. 


We have not been able to ascertain the 


| proportion of total body weight carried by 
| the individual forelimb of the mouse, not 
i» to mention the muscular forces acting 
|, across the shoulder and elbow. However, 


it is possible to determine the quarter- 


weight of the mouse from the average 


weight of samples of mice in our colony. 
Such division of animal weight by the 
number of extremities produces a static 


, value not taking into consideration the 


alternating increases and decreases in 


| force with walking, running and jump- 


ing. However, this would seem to approxi- 
mate a satisfactory working figure, per- 
haps rather high because of the apparently 
larger share of body weight carried by the 
hindlimbs. A reasonable sample of grow- 
ing mice yields quarter-weights of approx- 
mately 13 gm at 12 days, 2.3 ¢m at 
17 days, 4.0 gm at 32 days, and 6.2 gm 
at 100 days. The first three correspond 


} to implant intervals of 10, 15 and 30 days 
_ plus age of two days at implantation; the 


last approximates the end of growth and 
development. By reference to the force 
values in table 1, it can be seen that 
quarter-weight is equal to or just exceeds 
the experimental force at 10 days (at 


| which time free and compressed implants 


are essentially identical), but that the 


| compressive force exceeds (by 21% ) the 


quarter-weight at 15 days (by which time 
the implant has deflected the appliance 
nearly as much as it ever will). At the 


_ later ages, the experimental force far ex- 


ceeds quarter-weight, by 3X at 30 days 
and 2X at 100 days. The decrease during 
the last age interval is obviously due to 
the great increase in weight in the adult 
mouse. On this basis, the implanted hu- 
merus is seen to exceed normal weight 
load levels early in the period of rapid 
deflection of the appliance, doing so with 
incipient but progressive deformation of 
cartilage, but without drastic retardation 
of longitudinal growth. Further elonga- 
tion, however, evolves forces sufficient to 
grossly deform cartliage, but forces still 
further beyond normal weight-bearing are 
required to suppress growth and result in 
early epiphyseal closure. It is significant, 
however, that the forces thus produced 
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are not sufficient to cause major deforma- 
tion of the bony shaft. It may be con- 
cluded, therefore, that the growing long 
bone of the young mouse possesses a com- 
bination of biophysical characteristics 
capable of sustaining configuration and 
growth behavior in the presence of longi- 
tudinal compressive force well beyond 
those encountered in the normal function 
of the limb. 

It would be facile but dangerous to 
follow the above with the unqualified 
statement that the developing long bone 
is possessed of a specific “physiological 
limit” which, like the safety limit of a 
properly man-made structure or vehicle, 
is set high. If one were dealing with an 
experiment in which the single epiphyseal 
plate had been compressed without in- 
volvement of the diaphysis and epiphysis, 
such semantics might be permitted. How- 
ever, if one wished to use some such term 
in reference to the present results, then 
it would need to be recognized that the 
limit of the cartilage mass as a precisely 
shaped articular unit would be at one 
force level, its limit as an ossification 
format at a second level, and its limit as 
a site of at least minimum longitudinal 
growth at still another. Clearly, the radi- 
ologist, anthropometrist and anatomical 
dissector would display varying levels of 
appreciation of our results had it been 
possible to carry out this experiment 
in situ in the growing organism. 

While there are certain points of com- 
parison between this investigation and 
those of Glucksmann (’38, ’39, 742), there 
are very significant distinctions and con- 
trasts in technique and the nature of the 
experimental subject. Glucksmann worked 
with preosseous cartilage models and very 
early ossification stages of chick bones 
in vitro, placing them between explanted 
rib segments which were drawn together 
by degeneration of intercostal muscle 
fibers (38) and in positions where one 
bone impinged on another as growth oc- 
curred in multiple cultures (739, ’42). In 
early preosseous subjects he was able to 
demonstrate compression distortion that 
was reflected in subsequent ossification; 
in more advanced explants, there was 
greater resistance to compressive force and 
subsequent bone was orientated against 
the direction of force. He found too, that 
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force evolved in elongation of a cartilage 
model against another was sufficient to 
result in gross bending of the model in 
its middle region—with deformation in- 
versely proportional to age and degree of 
ossification. These were his essential mor- 
phogenetic findings, and his elegant non- 
quantitative approach to biomechanics 
in vitro substantiates the incidental obser- 
vations of Murray (736) and Fell (56) 
that elongating embryonic skeletal organs 
may be deformed by resistance of respec- 
tively, chorioallantoic tissues and in vitro 
plasma clots. However, it is clear that the 
early embryonic explant and graft, when 
but a rapidly growing mass of cartilage 
surrounded in its central region by, at 
most, only a monolamellar bony sheath, 
cannot be thought of as merely a smaller 
version of the organ with which we have 
dealt in this study; similarly, the humerus 
we have used was not simply a minature 
juvenile or young adult bone in its be- 
havior. 

One of our expectations at the initiation 
of this study was that the shafts of the 
compressed humeri might be of greater 
midsection diameter than those of the 
free implants. The relation of bone thick- 
ness to activity and load bearing is, of 
course, virtually a classic concept (e.g., 
Wermel, °35). However, this was not our 
finding, for there was but irregular occur- 
rence of thicker shafts, and—wmore sur- 
prising—the advanced compression series 
displayed the same absolute and relative 
reduction in central diameter that has 
been seen here and previously in free 
implants. In relation to this, it has been 
“. . . theorized that after completion of 
growth, skeletal form is maintained in 
balance with postural and muscular forces, 
and that absence of these forces in the 
case of the implant removes the causa- 
tive factor in form maintenance.” (Felts, 
‘59, p. 212). Although longitudinal com- 
pression, in spite of the cartilage “shock 
absorber,” might be considered a priori 
a functional substitute for some of the 
normal forces acting on the bone shaft, 
it evidently was not. Whether the lack of 
response was due to absence of the correct 
magnitude and direction of force, or to a 
need for some degree of intermittency of 
force, or a combination of these and other 


factors will not be ventured without fur- ]f 
ther investigation. 1| 

There are clearly many other problems }} 
in skeletal organogenesis which may be }j 
approached with this or similar techniques }} 
for application of measurable or known |} 
forces to isolated skeletal parts. In regard }j 
to long bones, the present appliance can |} 
be used in testing the response of imma- |} 


ture implants to compression when in 


rachitic hosts and, with modifications, it |) 
can be applied to the study of the be- }} 
havior of younger, fully cartilagenous or- | 
gans. Wire, in other configurations, may |} 


supply tension to developing skeletal parts. 
Another problem suited to either the resili- 
ent wire appliance or one in the form of 


a static clamp (e.g., a cast plastic “C”)gim 


is the response of the developing centra 
and discs of the vertebral column to com- 


pression. To one degree or another, these | 


are the subjects of current investigation 
in this laboratory. 
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Darwin (1871) in The Descent of Man 
speculates on how the sex ratio might be 
adjusted by natural selection. After con- 
siderable discussion and some ingenious 
remarks he concludes that the whole sub- 
ject might better be left for later times. 
Not until 1930 was something approach- 
ing a solution offered by Fisher. He 
considers a species in which parents care 
for the young and indicates that under 
such circumstances the primary sex ratio 
might be adjusted to a value other than 
one-half. This point has not been widely 
quoted presumably because Fisher’s argu- 


| ment, although non-mathematical is never- 
theless difficult to follow. His views be- 


come clearer when the sex ratio in the 
absence of parental care is understood. 
This aspect of the problem is very impor- 
tant in itself since most animals do not 
care for their young. 

The basic principle can be readily seen 
from a simple example. Imagine a popu- 
lation of two males, 4 and d:, together 
with an unspecified number of females. 
Although both produce two offspring, do 
produces one son and one daughter while 
So long as each 
produces the same number of offspring 
we would say that one is as fit as the 
other; that if the sex ratio is heritable, 
still no selection is taking place. 

This cogent reasoning is wrong, as be- 


| comes clear when we consider the grand- 


children of these males as shown in figure 
1. If the one female produced, mates at 
random with the three males of her gen- 


} eration the three kinds of offspring 1, 
| 2. 


and 3 will be produced in equal 
frequency. The autosomal genes of these 


} offspring have the following origin. Fifty 
} per cent of the genes in individual 1 
| are from do, the other 50% coming from 
| the two grandmothers which are not 
) shown in the diagram. In both individuals 


Q% or 


| 2 BS 


Fig. 1 The descendants of two males pro- 
ducing different sex ratios. 


2 and 3 the genes are one-fourth 
from o> and one-fourth from ¢d:. This is 
summarized in table 1. The total effect is 
that, of all the genes in the generation 
of the grandchildren, two-sixths come 
from d> and one-sixth from ¢4. 

This means that, under the circum- 
stances of the example, there is a strong 
selection pressure, and it is important to 
know whether this selection pressure is 
directed against the primary sex ratio or 
the ratio at adulthood. This is readily 
answered from figure 2. That example is 
similar to the one just given, except for 
the assumption here that half the sons 
die while all the daughters live. The out- 
come is the same as before, with d: con- 
tributing one-sixth and do two-sixths. 

Clearly the selection pressure is deter- 
mined only by the primary sex ratio. If 
selection stabilizes the sex ratio at an 
equilibrium point—a matter to be con- 


TABLE 1 


Genetic contributions of the males in figure 1 


To individuals 


Fraction of To whole 

genes from 1 9 3 generation 
Jo iy VY VY 2/6 
oil 0 V4 W% 1/6 
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Fig. 2 The descendants of two males produc- 
ing different ratios where male zygotes have a 
50% chance of dying. 


sidered shortly—then it is the primary sex 
ratio which is so stabilized. 

The strong selection for sex ratio shown 
by figure 1 is a general phenomenon and 
is not due, as might be supposed, to there 
being only two males or to any other 
peculiarity of the illustrative example. It 
has been shown (Shaw and Mohler, 53) 
that the expected contribution of a male 
to the generation of his grandchildren is 
proportional to 

m f 

MTF 
where m is the sex ratio of the progeny 
of the male under consideration and M 
that of the population into which they are 
born, f and F representing the correspond- 
ing proportion of the females. This for- 
mula applies to a population of any size 
and we may, if we like, take the symbols 
dg» and dc; to mean not the two specific 
males of figure 1, but two kinds of male 
present in the same population and differ- 
ing in their sex ratio. As a measure of 


fitness of d:, taking 4) as a standard of 
comparison we can write 


wie, Fu) 

= M F 
Wi eo 

mo | fo 

Mt F 


Supposing as before that mo is equal to 
¥% and simplifying we have 


w= 2(m:F + f,M) (1) 


TABLE 2 
Genetic contributions of males of figure 2 


Fraction of 


To individuals 


As an illustration of what this expres} 
sion means we may apply it to the exam} 
ple in figure 1. Here 

w = 2[1(1/4) + 0(3/4) ]=1/2 


This result, that 3, has a fitness of one}} 
half, corresponds to the previous finding}; 
that he contributes 1/6 of the genes asfj 
compared to 2/6 by do. 1 

We may now ask what, in a more gen} 
eral way, does the expression tell us?f} 
Specifically, under what circumstances 
will 3; be more fit than 6)? Under wha} 
circumstances will they be equally fit? 
It can be said immediately that d, carf 
never be fitter than do. This is because 
w has a maximum at 1, a fact which canjj 
be verified by the reader either by sub 
stituting numbers for M and m; in equa-} 
tion 1 and plotting curves or by equat-f 
ing the partial derivatives to zero. B 
either method one finds that a fitness off 
w = 1 occurs only ifm:= % orifM=%h 
It follows that when the sex ratio of 3 
is Y and that of d; is any other value 
3; will always be at a disadvantage. Only 
when its frequency in the population is 
zero can di be as fit as do. From this i 
is clear that when the frequency of ¢: is 
not near zero it will become so due to his 
low fitness. 


| 


i} 
, 
soning could be applied to the females andj 
the argument based upon genes whichif 
exert their effects in them. We could not 
by the methods employed up to this point 
consider the behavior of a gene which 

influences the sex ratio through parentsif 
of either sex. To understand what thisj 
means consider how a gene affecting theif 
primary sex ratio may produce its effect. 
It must operate either by causing the male 
to produce X and Y sperm differing inj 
their ability to fertilize, or it must operate} 
by causing the female or her egg cells to# 
discriminate against one or the other of # 


To whole 
genes from 1 2 3 4 5 6 generation 
Jo ep) VY VY iy VY VY 2/6 
C1 0 VW VW 0) VY VY 1/6 


‘hese kinds of sperm. We could hardly 
*xpect one and the same gene to produce 
0th of these results. Thus if we want to 
onsider the behavior of a single gene, 
4t will surely act in parents of one sex 
pnly, and the scheme presented will be 
; 


vholly adequate. 
| If, however, we want to consider more 
han one gene locus we must suppose that 
ome could produce their effect in the 
male, and some in the female parents. 
if so, the simple diagrams and tables used 
ut the beginning are no longer applicable. 
yA different approach must be taken as 
yollows: 
) If there are N zygotes in a generation 
‘und NM of them are males, then one male 
ikygote is expected to contribute Y2NM of 
jhe genes going to the next generation. 
juikewise a female zygote expects to con- 
jizibute Y2NF. The “contribution” may be 
ib aid to be the genetic value of a male and 
‘of a female zygote respectively. Equilib- 
ium must occur when the value of a 
male is equal to that of a female, other- 
yvise parents which have a genetic ten- 
tlency to produce the more valuable sex 
will be favored over the others. So it fol- 
on that the population stabilizes itself 
ee M = F. 
«| In all of the foregoing, certain assump- 
ions have been made. The first is that 
,oynly autosomal genes are present. This 
(means that sex linked genes are supposed 
ilo be absent or of negligible importance. 
This is certainly not true for organisms 
such as Drosophila but is more nearly so 
‘for some mammals in which sex linked 
i zenes are a rarity. 
It has also been assumed that the sex 
tatio is not correlated with family size or 
viability of the young. This latter assump- 
‘ion does not strictly hold for mammals 
as they gestate their young internally and 
jbare for them after birth. Consequently 
\f sons die more readily than daughters 
ja mother which produces mostly sons will 
jose many of her offspring. She will, at 
he death of each son, be freed from the 
burden of gestation, nursing, or other par- 
ental care and will be able to reproduce 
again sooner than otherwise. This will 
inake for a correlation between sex ratio 
jand number of offspring. This idea, which 
js due to Fisher (30) has been expressed 


A 
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in more detailed mathematical terms by 
Crow (unpublished). The result is that 
selection leads to the production of zygotes 
of the less viable sex at a rate greater than 
50%. Fisher’s scheme probably holds for 
many mammals including man. 

Two features of human populations be- 
sides parental care have sometimes been 
thought to affect the primary sex ratio. 
They are polygamy and_ infanticide. 
Whether polygamy may lead to an equilib- 
rium primary sex ratio other than one- 
half can be determined from the example 
of figure 2. Although certain males in 
that example have been spoken of as dy- 
ing, the logic of the discussion really 
depends not on their death, but on their 
failure to reproduce. Whether they die 
or are sterile or are prevented from mating 
by a polygamous social system, the out- 
come is the same. Under any of these 
conditions the population will reach equi- 
librium when the zygotes produced are 
half males and half females. 

This clears up a puzzle which has trou- 
bled some biologists of my acquaintance 
and probably others besides. That is the 
question of why, in seals and other such 
polygamous animals, natural selection 
does not produce a sex ratio more in ac- 
cord with the proportion of the sexes 
which finally mate. The difficulty arises 
from the vague expectation that selection 
should produce an obvious kind of har- 
mony, and is dispelled by the considera- 
tion of precisely how natural selection 
operates on the sex ratio. 

That female infanticide might alter the 
primary sex ratio was considered by Dar- 
win. He quotes the following argument 
from Colonel Marshall, a writer on the 
Todas, a hill tribe of India. 

“Let us for the purpose of illustration 
take three families as representing an av- 
erage of the entire tribe; say that one 
mother gives birth to 6 daughters and no 
sons; a second mother has 6 sons only, 
while the third mother has three sons 
and three daughters. The first mother, 
following the tribal custom, destroys 4 
daughters and preserves two. The second 
retains her 6 sons. The third kills two 
daughters and keeps one, as also her three 
sons. We have then from the three fam- 
ilies, 9 sons and three daughters, with 
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Fig. 3 The three females of Colonel Marshall’s 
example and their offspring. 


which to continue the breed. But while 
the males belong to the families in which 
the tendency to produce sons is great, the 
females are of those of a converse inclina- 
tion. Thus the bias strengthens with each 
generation, until, as we find, families grow 
to have habitually more sons than daugh- 
ters.” 

In this example there are too many 
grandchildren for us to conveniently draw 
a diagram of the kind used before. It is 
easy enough to begin the diagram, as 
shown in figure 3, by drawing the three 
females and their 18 offspring and then 
crossing out those which Marshall speci- 
fies as destroyed. It is not so easy to dia- 
gram all the kinds of matings which are 
possible among the survivors, but the out- 
come can be tabulated directly. Since 
there are two daughters of ?: and 6 sons 
of %, there are 12 possible matings of 
these. Continuing in the same way we 
can get all of the possible matings. Prob- 
ably the Todas did not practice brother- 
sister marriage, so let us exclude that 
possibility for the moment. Allowing ran- 
dom mating with this exception, the result 
can be expressed as a frequency table, 
table 3. 

Assuming for the sake of concreteness 
that each kind of mating produces one 
offspring, the numbers in the cells of the 


TABLE 3 i | 
Kinds of matings and the numbers in which they occur among the offspring of 


table become the numbers of offsprinfj 
produced. The fraction of all genes 
the final generation which come fro1 ] 
each of the three initial females caf} 
now be found, just as was done in thf 
earlier examples. For ?, there are 12 + | 
= 18 grandchildren out of a total of 2} 
individuals comprising the whole gener<} 
tion of grandchildren. Thus 18/24 or fj 
of the individuals in the final generatio} 
have ?: as a grandparent. Each such indj} 
vidual gets % of his genes from ?:. Thi i 
means that (%4) (3%) = 3/16 of thi} 
genes in the final generation come froxj 
?:. By the same reasoning 9 contrilf 
utes % [(12 + 6)/24] =3/16, and 
1 [(6 + 6)/24] = 2/16. Again these thref 
figures add up one-half corresponding t] 
the fact that half the genes among thi 
final generation come from the grandf 
mothers, the other half being supplied by) 
the grandfathers. | 
Inspection of these figures shows t | 
things of importance. First. the contrib 
tions of the three females are not all equafli 
as anticipated, and thus some selectiojfl 
pressure is at work. Second, the expect 
tion of Colonel Marshall is, nevertheless 
not fulfilled; because, although the cory 
tributions are not equal, they are balancecg 
The female-producer (9:1) contributes e3 
actly as much as the male-producer (°@: 
The fate of the population posed by Colca 
nel Marshall is an equilibrium where fam 
lies with extreme sex ratios are present il 
the population, but in such proportion 
that the two extremes balance each otheiff 
and the primary sex ratio for the whol} 
population is one-half. 
From the earlier examples and discus 
sion the three females might have bee 
expected to have equal contributions. Thi 
reason they do not lies in the prohibitioj 
of brother-sister marriages. To permit thij 
requires us to put a 3 in the empty cell olf 


Col. Marshall’s example 


Females 


Two daughters of 2; 
One daughter of 923 


Males 
Six sons of Three sons of | 
Qe Qs H | 
2x6=12 aise | 
US< eS 6 — | 


table 3. Calculated on this basis the con- 
tributions of the three females are then 


i V4 (Bee) = 18/108 


12+6 
1 salar | TES he —— 
vs ( - ) = 18/108 


i Vs Sasso) = 18/108 . 
1 27 

|Whether incest prohibition really produces 
such strong selection for families of ex- 
{treme sex ratio as it appears to in the very 
jsimple example is an interesting question 
which cannot be decided at the moment. 
|The effect would appear to be small in 
jlarge populations. What is clear is that 
whether brother-sister marriage is pro- 
‘hibited or allowed, the primary sex ratio 
jof the population must stabilize at one- 
‘half. 

‘ A slightly different conclusion is reached 
Jif one considers the effect of parental care 
as is done by Fisher. This factor merits a 
‘separate treatment, and has been delib- 
“erately ignored here in order to concen- 
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trate on a more basic aspect of the sex 
ratio, one which must be understood be- 
fore the effect of parental care can be 
profitably discussed. 


SUMMARY AND CONCLUSION 


The purpose of the foregoing has been 
to restate the principle that the primary 
sex ratio is subject to natural selection, 
putting the phenomenon more in biologi- 
cal than in mathematical terms; and to 
show specifically that neither polygamy 
nor infanticide can, by itself, have any 
effect on the primary sex ratio. 
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|THE FACE: IN FIVE DIMENSIONS. By 
| Viken Sassouni. viii + 317 pp., Growth 
Center, Philadelphia, 1959. 


This intriguingly titled loose-leaf pub- 
lication follows the 1957 syllabus in roent- 
-genographic cephalometry by Krogman 
jand Sassouni. The 5 dimensions are 
the familiar three, plus those of growth 
|and heredity. The book is for “communica- 
tion and teaching purposes” and is “pri- 
}marily directed to the student in maxillo- 
|facial orthopedia,” reflecting the utility of 
/roentgenographic cephalometry in diag- 
(nosis and evaluation in problems of maloc- 
‘clusion. The numerous illustrations “pro- 
‘vide a source material which could be 
jused for further clinical research.” 

Ten unequal parts compose the volume: 
‘Atlas, Analyses, Standards, Racial Com- 
\parison, Facial Typing, Facial Growth, 
‘Heredity, Pathology, Comparative Anat- 
‘omy, and Orthodontic Treatment. Atlas 
igives a general orientation to dento-facial 
‘landmarks as seen in films, technique for 
imaking physioprints, cranio-facial muscle- 
‘bone relationships, and the integration of 
photographs, film tracings, and dental 
'models. Analyses is a three-fold presenta- 
jtion of individual cases: comparison to 
|averages on a standard deviation diagram, 
‘to a cephalometric standard, and analysis 
tvia the archeal technique of Sassouni. 
(Standards presents composite tracings de- 
ixived from normally occluded lateral and 
{frontal head films of whites (4, 8, 12, 16 
jyears and adult male); Negroes (6, 8, 12, 


|16 years and adult male); and Chinese (8 
)and 12 years). Racial Comparison sum- 
imarizes the differences and similarities 
‘seen in superimposition of the composite 
istandards at 8 and 12 years for white, 
‘Negro, and Chinese, and for white and 
‘Negro adult males. Facial Typing provides 
31 cases illustrating normal occlusion, 11 
cases with maxillary protrusion-mandib- 
ular retrusion, 10 cases with maxillary 
retrusion-mandibular protrusion, 21 cases 
with biprotrusion and open-bite, and 13 


| 
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cases with biretrusion and _ deep-bite. 
Facial Growth uses the previous age-race 
composites to illustrate facial growth. Sas- 
souni shows relative facial growth for the 
white series by taking all lateral composite 
tracings of the white series and superim- 
posing them on the supraorbital plane and 
registering first on the anterior contour of 
sella turcica and anterior clinoid and, 
secondly, registering on “center 0” (the 
general region of convergence of supra- 
orbital, palatal, occlusal, and mandibular 
planes as seen in lateral films). The adult 
male Negro and the 6-year Negro com- 
posites are superimposed in order to show 
facial growth. The Heredity part presents 
film tracings of two father-mother-child 
and one mother-child series. Part VIII, 
Pathology, contains lateral and frontal 
tracings of two cases of Cooley's Anemia 
and lateral tracings of one case of hypo- 
pituitarism, one treated and two untreated 
cretins, one acromegalic, and one cleft 
palate case. In Part IX, Comparative Anat- 
omy, lateral and frontal film tracings are 
given of one adult male chimpanzee, one 
adult orang-utan, and one gorilla. Ortho- 
dontic Treatment is a brief review of ortho- 
dontic therapies and 5 case presentations 
of diagnosis and treatment. 

From the anthropological viewpoint, the 
age-race standards (composites) and the 
race comparisons using the composites are 
particularly interesting. These are ex- 
tremely important in concept but care 
must be taken in their use. The standards 
are composites of, generally, 16 males and 
16 females of the “same” age. Aside from 
the basic confounding of male and female 
data, what “age” are we to use? Chron- 
ological age? Skeletal age? If we con- 
sider the remarkable discrepancies in male 
and female maturation rates, this question 
is of considerable importance in establish- 
ing any standard. “Which age?” is not re- 
solved. And one may ask in racial terms 
what “white,” “Chinese,” and particularly 
“Negro” mean. These small cross-sectional 
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samples are derived from large, hetero- 
genous groups; whether or not the age 
composites within a racial series are com- 
parable is debatable. Standards must be 
defined in strict terms. As Sassouni writes, 
“the addition of Negro and Chinese com- 
posites wiil permit a preliminary step in 
the problem of racial factors in malocclu- 
sion.” We would extend the field of inter- 
est to racial factors in the total cranio- 
facial complex and commend the present 
preliminary step. 

While Sassouni’s “archeal concept,” 
which pervades the book, is primarily of 
interest to orthodontists, some comment 
upon it is in order. Sassouni secs normal 
dento-facial growth as a complex which 
can be described by a series of 4 concentric 
arcs on lateral head films. The anterior 
arc has for its center the convergent point 
of the supraorbital, palatal, occlusal, and 
mandibular planes; its radius is the dis- 
tance from the convergent point (center 
0) to nasion. From nasion, in the normal 
dento-facial complex, the anterior arc will 
touch the anterior nasal spine, the tip of 
the upper incisor, and pogonion. A second 
arc is drawn from subspinale downward. 
This, the basal arc, should pass through 
supramentale. A midfacial arc from tem- 
porale should be tangent to the anterior 
border of the maxillary first molar. The 
posterior arc from dorsum sella should pass 
through gonion. The normal dento-facial 
complex can then be related to these 4 arcs 
and deviations from the normal can be 
noted in individual films; these deviations 
become the basis for diagnosis and treat- 
ment in occlusal problems. 

By registering on the anterior curvature 
of sella turcica and anterior clinoid (super- 
imposing composites on the supraorbital 
plane), Sassouni identifies two trends: 
(1) the convergent center of the 4 planes 
moves, during maturation, from within the 
cranium, posteriorly and downward to a 
position external to the cranium, and (2) 
the relatively convex profile of the 4-year- 
old child becomes more “upright” or less 
convex with maturity. Such conclusions, 
however, are directly related to the par- 
ticular registration used. 

Now, whether or not these geometric 
abstractions have any real meaning or 
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value can only be determined by clinicians}} 
I wish to take particular exception, there] 
fore, to the use of the word “explains” iif} 
the following quotes: “In summary, thi} 
archeal analysis explains and describes th} 
concomitant changes in size, proportion} 
and position of the facial components dur | 


ing their growth,” and “During growth thy i 


Th 
| 


face preserves its archeal balance. 
different archeal constructions are no 


identical; they vary. Their unfolding ex} 


plains from a new point of view, in a sym 


thetic way, the unfolding of the face.” Th) 


“archeal concept” is a way of looking at 
not an explanation for, phenomena. 
Can the use of standards and geometric 


abstractions have predictive value in indi 


vidual cases? “When average tendencie: | 


are considered there is a pattern type o: 


growth, a certain parallelism, a certai 
constancy of proportions. When individua 
cases are considered this concept is diffi 
cult to apply. Changes in proportion tak 
place, all of which are not predictable on 


the basis of the first record (film).” Sasi 


souni adds, “In other words, with our presi 
ent knowledge, it is almost impossible t 
predict the amount and direction of growth! 
on the basis of the initial facial types.” | 

What of the predictive value of studying) 
parental films in order to approximate the 
mature dento-facial complex in the off 
spring? This may permit an estimation o4 
the location of “center 0” at maturity. [I 
nasion and the other necessary points car} 
be approximated in the same manner, thé 
arcs to be expected in the child’s adul} 


face can be theorized and therapy applied 
“This is as yet tentative(sic),” writes Sasif 
souni. The complex interplay of heredityi 


and environment in the cranio-dento-facia 
complex is, at best, poorly understood. 


The book contains an unpardonable§ 


number of spelling and grammatical errors}j 
References are made to more than 30 in 
vestigators and their work, 
whom are cited in the bibliography. The 
bibliography, in point of fact, is composed 
of references for the most part not citec 
in the text. To one not familiar with these 
men and their work, this is gross negli. 
gence and does not permit a satisfactory 
evaluation of the present volume. If tha 
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very few ofl 


| 


‘book must stand on its own merit, it is 
‘yquite obscure and open to major criticisms. 
\If it is to be considered as Sassouni con- 


} 


‘ceived it, “directed to the student in 
((maxillo-facial orthopedia,” and as source 
iymaterial for further clinical research, it 
‘tno doubt is much more adequate. This, 
however, I am not competent to judge. 


DONALD H. MORRIS 


Department of Sociology and 
| Anthropology 
! Arizona State University 
) 


iq 
RADIATION, GENES, AND MAN. By 
i Bruce Wallace and Th. Dobzhansky. 
xii + 205 pp. $3.50. Henry Holt and 
th Company, New York, 1959. 
‘| This is the best general book now avail- 
‘} able to the non-specialist in radiation 
“genetics on the hereditary effects of in- 
‘creased exposure to ionizing radiation in 
i human populations. 
‘The opening 5 chapters give background 
finformation on genes and chromosomes, 
the regularities of reproduction and trans- 
i mission of the genetic material, the nature 
‘of ionizing radiation, and the mutagenic 
“effects of such radiation. Chapters 6 and 
7 deal with the genetic structure of breed- 
/ ing populations and the distribution of mu- 
{tant genes in such Mendelian populations. 
/ Mutational damage is measured in terms 
‘of Mullerian “genetic deaths”— a measure 
first proposed, as Muller has been careful 
)to acknowledge, by the anatomist-anthro- 
‘pologist C. H. Danforth in 1921. 
_ Chapter 8 is the core of the book and 
) gives the message which moved the au- 
j thors to write it. All radiation geneticists 
‘agree mutation rates go up with increased 
‘exposure to ionizing radiation. Wallace 
‘and Dobzhansky hold we do not know how 
‘to estimate the overall biological damage 
‘in terms of “genetic deaths” because we 
‘do not know how to give good values to the 
‘required selection coefficients. Under the 
classical hypothesis on the genetic struc- 
iture of populations (given a constant en- 
vironment) most mutant genes are con- 
sidered deleterious in homozygotes and 
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either neutral or somewhat deleterious in 
heterozygotes. Under the balanced hypoth- 
esis, which Wallace and Dobzhansky sup- 
port, many or most mutant genes are con- 
sidered both potentially heterotic (advan- 
tageous ) when in heterozygotes and poten- 
tially deleterious when in homozygotes. 
The balance hypothesis holds mutation is 
“, . . not only the price for evolutionary 
plasticity; it is also the tax levied in order 
to preserve the status quo (p. 165).” 

Everyone agrees that some loci in hu- 
man populations consist of several mu- 
tually heterotic alleles, e.g., the hemo- 
globin S locus, and probably several loci 
for the antigens on red blood cells. Every- 
one agrees that genes at some loci identi- 
fied by mutants with major effects seem 
to lack heterotic effects, e.g., hemophilia 
and galactosemia. Everyone would agree 
with Wallace and Dobzhansky that one 
difficulty in forecasting the risk to man 
from increased radiation is the uncertainty 
as to the proportion of loci that are “classi- 
cal” and that are “heterotic.” Everyone 
would agree this is not the only major 
problem. 

The issue as to whether the “classical” 
or the “heterotic” hypotheses is more cor- 
rect for human populations cannot be 
solved conclusively with the data now 
available. As Wallace and Dobzhansky 
say: “Probably the most important fact 
concerning the issue is that the data, evi- 
dence, and information on which, and only 
on which, conclusions should rest are as 
yet wholly inadequate (p. viii).” 

Perhaps the chief quarrel geneticists 
who specialize on man would have with 
the book is that it omits too much of what 
is now known about radiation genetics in 
human populations. Studies of inbred hu- 
man populations provide direct estimates 
of the mutational load in man. These 
studies give information superior to in- 
direct results obtained from Drosophila 
investigations (see p. 118). Large-scale 
studies now in progress (based on the pop- 
ulations of Hiroshima, Nagasaki, and 
Shizuoka) should provide reliable infor- 
mation which will permit making better 
estimates of the genetic hazards of the 
atomic age. The final chapter, 9, is an 
argument in support of getting the type 
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of knowledge we need to assay the com- 
bined effects of radiation, genes, and man. 
Physical anthropologists who wish to 

understand the technical problems in con- 
temporary attempts to comprehend the 
radiation genetics of human populations 
will find this book an excellent introduc- 
tion. 

J. N. SPUHLER 

Departments of Anthropology 


and of Human Genetics 
University of Michigan 


AN ODONTOMETRICAL STUDY ON THE 
NORWEGIAN LAPPS. By Reider Selmer- 
Olsen. 171 pp, 35 figures, 47 tables and 
2 plates. Skrifter Utgitt Av Det Norske 
Videnskaps-Akademi 1 Oslo. 1 Mat.- 
Naturv. Klasse 1949. No. 3. 


Selmer-Olsen has presented a most com- 
prehensive odontometrical study which not 
only includes materials on the Norwegian 
Lapps but also by the inclusion of com- 
parative materials has presented an ex- 
cellent source book for statistical data on 
a good many other populations. 

The author is quick to point out that the 
size of teeth alone has a limited value as a 
racial characteristic because of the high 
variability within the different collections. 
For this reason in his summation he states 
that large series are therefore required in 
such studies and determinations. 

One of the most important contributions 
in this publication is the review of the 
literature on odontometry and the discus- 
sion and definition of nomenclature and 
measuring techniques. There is only one 
disturbing point and that is Selmer- 
Olsen’s decision to follow Martin’s lead in 
using the term “crown breadth” for the 
mesiodistal dimension and “crown thick- 
ness” for the labiolingual. However, in the 
tables themselves and in the text he avoids 
complications by designating the diam- 
eters as mesiodistal or labiolingual as the 
case might be. 

The investigation and study covers the 
roots as well as the crowns. The author 
states though, that owing to the large vari- 
ation in the roots they are of less signifi- 
cance than crowns in racial comparisons. 


1} 
| 
1 
| 


The Lapp dentition is characterized b 
Selmer-Olsen as having small tooth crowns 
rather large and long roots with pointe 
apices, crown size decreasing greatly fron 
the first to third molar, and a relativelz]} 
thicker character to the teeth generally) 
Only the Bushman and Hungarian dentif} 
tions show as small averages in crowr} 
size as do the Lapps. | 

Various indices of tooth measurements} 
are compared in the study between raciaf 
and local groups. The variation coeffilf) 
cients of most of the measurements rangecf 
in the vicinity of 8.0, with the femalef: 
showing a slightly larger figure. From thef, 
tables it is seen that some of the lowes# 
values for the individual coefficients, both 
in the male and female all lie either in caf 
above the group considered moderately, 
high variation and none in the moderate: 
low category, that is, below 4.5. 

This work is certainly one of the most 
thorough-going analyses of odontometr 
and should be consulted in any proble 
of this type. It would be of great value tc 
have a thorough-going morphological study 
of this population to parallel the fine work 
done in the metrical areas. ) 


1 |) 
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ALBERT A. DAHLBERG 
University of Chicago 


THE ANTECEDENTS OF MAN. By W. E. 
Le Gros Clark. 374 pp. $6.00. Quad 
rangle Books, Chicago, 1960. 


This is a fascinating book which dealsif 
with the evolution of man’s close relatives.|| 
the non-human Primates. Le Gros Clark,|]] 
one of the world’s authorities on Primate} 
evolution, presents this difficult subject inj 
a straight forward manner intelligible to} 
both the interested layman and the serious} 
student. This introductory book presents} 
not only the author’s latest thinking, but3 
also the basic principles which he has used/ 
in arriving at his conclusions. Although it) | 
treats the same subject matter as his: 
earlier book, The Early Forerunners of! 
Man, this is not just a second edition. 

The book’s 374 pages, including index, | 
are divided into 10 chapters. The first two. 
serve as an introduction by reviewing cer- 
tain principles which must be observed 


‘when the data of comparative anatomy 
| and paleontology are interpreted from the 
phylogenetic view point. There is included 
_a short classification and a brief review of 
| the living and fossil forms. These chapters 
serve to define the area to be considered, 
‘to indicate the type of evidence to be used, 
and to outline some pitfalls which must be 
| avoided. 

The factual evidence of the course of 
} Primate Evolution is presented in 7 chap- 
‘ters which deal in turn with dentition, 
'skull, limbs, brain, special senses, diges- 
jtive system, and reproductive system. 
| Those familiar with the author’s repeated 
{emphasis on the total morphological pat- 
| tern may find this systemic approach some- 
| what strange. The author justifies his pro- 
cedure by pointing out that this is “...a 
{necessary preliminary to the formulation 
and solution of scientific problems in gen- 
eral. But it is a procedure which always 
i needs to be followed by an attempt at 
| resynthesis.” 

|. The resynthesis is to be found in the 
j final chapter: a chapter which could only 
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There are certain features of the book 
which are worth noting. (1) The author 
deals strictly with the course and not with 
the causal agents in Primate evolution. 
(2) For those not familiar with the intri- 
cacies of Primate nomenclature (and how 
many are?) the brief classification given 
will hardly be adequate for keeping the 
various forms straight. (3) This is not 
strictly a book on Paleontology. Clark uses 
all the morphological data which he con- 
siders appropriate. (4) There is no use 
made of behavioral or ecological data. 
Both of these fields are assuming impor- 
tance in the understanding of evolution. 
In view of the size of the book and its 
stated problem, this is not a serious criti- 
cism. (5) There is one almost unique 
feature of the book: namely, a specific 
statement of the principles which are used 
for the interpretation of data. All too often, 
authors in this field consider it unneces- 
sary to state the logical bases for their 
argument. Clark not only states his but 
also uses them consistently. 


JAMES A. GAVAN 
Medical College of South Carolina 
Charleston, South Carolina 


Proceedings of the 


The Association met in Washington, 
|D.C., Thursday through Saturday, May 
| 12-14, 1960, by invitation of the Depart- 
ment of Anatomy of the Howard Univer- 
|sity College of Medicine. Registration 
| totalled 118, and included representatives 
| from 27 states and 8 foreign countries. 
The meeting opened on a formal note 
| with the presentation to President Greulich 
| of the Key to the City by the Hon. David B. 
| Karrick* of the Board of Commissioners of 
_the District of Columbia. There followed 
| seven scientific sessions, two of which ran 
| concurrently on Friday morning. Included 
_in these sessions were two symposia, one 
|on Thursday afternoon, organized by John 
|Buettner-Janusch, on “Evolutionary and 
experimental biology of the primates,” and 
line other on Friday afternoon, organized 
| by Gabriel W. Lasker, on “The teaching of 
physical anthropology.” Thursday evening 
| a Smoker was held in the Hotel Roosevelt 
| by courtesy of the Wenner-Gren Founda- 
‘tion for Anthropological Research. The 
| showing of anthropological films was a 
| feature of the evening. At the annual din- 
‘ner on Friday evening, held in Baldwin 
}Hall, greetings were extended by Dr. 
| Mordecai W. Johnson, Howard President, 
{and Dr. Robert S. Jason, Dean of the Col- 
jlege of Medicine. The Hon. Arthur S. 
| Flemming, Secretary of Health, Education 
and Welfare, delivered the principal ad- 
dress, on “Meeting the needs of the aging.” 
The Executive Committee held its regu- 
lar annual meeting the evening of May 11, 
1960. 


BUSINESS MEETING 
May 12, 1960 


The Secretary-Treasurer, Edward E. 
{ Hunt, had no reports ready for presenta- 
} tion, so no action could be taken along this 
}line (see addendum, p. 92). President 
| Greulich thereupon announced Dr. Hunt's 
| resignation and the selection by the Execu- 


Twenty-Ninth Annual Meeting of 
The American Association of Physical Anthropologists' 


tive Committee of T. D. Stewart to fill out 
Dr. Hunt’s term of office. 

The following new members, having 
been approved by the Executive Committee 
on May 11, 1960, were elected to member- 
ship by unanimous vote: 
David Allbrook 
Jack C. Bresler 
Irven DeVore 
Phyllis Eveleth 
John Frisch 
Carl Hammerstrom 
Frank Johnston 
Odorico Machado de Souza 


Laura Newell 
Miroslav Prokopec 
Alphonse Riesenfeld 
Elwyn L. Simons 
Clyde C. Snow 
Steven Vandenberg 
Carol Welt 


Two charter members were lost by death 
during the year: Bruno Oetteking and 
Harry H. Shapiro, both of New York City. 

President Greulich thanked the Associa- 
tion for the honor it had bestowed upon 
him earlier in the year when it had nomi- 
nated him for the Viking Fund Award. He 
reported that he had been presented for 
the medal by the Vice-President, J. Law- 
rence Angel, at the annual dinner of the 
Wenner-Gren Foundation in New York on 
March 4, 1960. 

The Editor’s Report, as given by William 
S. Laughlin, was optimistic about the 
Journal reaching an up-to-date publication 
schedule during 1960. He pointed out that 
the two-column format had been used suc- 
cessfully throughout volume 17 for 1959, 
and that manuscripts were coming in at a 
satisfactory rate. 

T. D. Stewart called for a vote of cen- 
sure against James N. Spuhler, the Secre- 
tary-Treasurer preceding Edward E. Hunt, 
for his failure to seek help when he had 
difficulty in completing the affairs of his 
office and when this resulted in an overly 
long delay in transferring funds and 
records to the new Secretary-Treasurer. 


1Prepared by T. D. Stewart. 

2Died August 6, 1960. 

3 See this Journal, n.s. vol. 18, no. 3, September 
1960, pp. 231-234. 
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After considerable discussion the motion 
was tabled. 

J. Lawrence Angel offered a resolution 
on racial equality. After much discussion 
and several attempts to rewrite the resolu- 
tion it was voted down principally on the 
grounds that the Association was already 
adequately on record in this matter.* 

The Resolutions Committee, consisting 
of Stanley M. Garn and A. J. Kelso, sub- 
mitted the following report which was 
unanimously accepted: 


Be it resolved that this Association ex- 
presses its pleasure and gratitude to our hosts, 
Howard University, its president, Dr. Morde- 
cai W. Johnson, Dr. Robert S. Jason, Dean of 
the College of Medicine, and our long-time 
colleague and past president, W. Montague 
Cobb, for their kindness and solicitude, for 
our physical comfort and nutritional welfare, 
and environmental protection in general. 

Be it further resolved that our appreciation 
be extended to the Program Committee, T. 
Dale Stewart and Marshall T. Newman, for 
their skillful management and introduction 
of parallel sessions in the face of the grow- 
ing complexity of our meetings. 

Be it further resolved that we are honored 
with the presence of Dr. David B. Karrick, 
member of the Board of Commissioners, 
District of Columbia, and feliow anthro- 
pologist, and Dr. Arthur S. Flemming, The 
Honorable Secretary of Health, Education 
and Welfare, at this our 29th annual meeting. 

And be it resolved that we again express 
our indebtedness to Dr. Paul Fejos and the 
Wenner-Gren Foundation for the support and 
encouragement of physical anthropology, 
including its social aspects. 


REPORT OF THE TREASURER 
October 24, 1958—May 12, 1960 
Deposits representing transfer of Association funds from J. N. Spuhler: 
October 24, 1958 (check dated October 20,1958) ............. $4000.00 
November 10, 1958 (check dated July 8,1958) ............... 100.00 
December 10, 1958 (check dated December 3, TODS) > eva eee 453.93 
April 11, 1960 (check dated December 8, 1959) .............. 65.77 
4619. 
Additional deposits by years: : ie! 
TOS834 Dues 2. Apsc5 bas Pe ee ee $ 30.00 
1959: Donation for prize at 1959 meeting ......... 100.00 
Dues ee og tysctecy ieee ae ree 1282.50 
Refund from Wistar Institute ...........-. 97.39 
Unspent» portion’ of ;check-no, 59.0) eee 32.78 
1960):; Dues: oeioe <eeuee t eo  e 151.00 1693.67 
$6313.37 


|) 
The Nominating Committee appointed) 
at the preceding meeting announced thi) 
following candidates for office, whose elec}} 
tion immediately followed the closing of} 
nominations: Vice-President, Gabriel VW) 
Lasker, to serve for two years; Executiv#} 
Committee member, Marcus Goldstein, tq! 
serve for three years.® 
The business meeting adjourned abou} 
5:30 P.M. i} 
ADDENDUM 


On February 24, 1961, Dr. Hunt subi 
mitted his Treasurer’s Report for the perioa} 
from April 1, 1959, to May 14, 1960, to#, 
gether with the Association’s financial! 
records for the period of his service. Unf} 
fortunately, the bank balances whichfj 
he cited for the beginning and endingf} 
dates do not agree with those containec| 
in the statements issued by the Harvare 
Trust Company. Since adjustments in 
volve the statement supplied by Dr. Hun 
in April of 1959 (see this Journal, n.s. vol 
18, no. 4, p. 353-365), it is necessary t 
combine and adjust the two reports. Thi 
action does not imply dishonesty on th 
part of Dr. Hunt, but only the need for a 
accurate accounting as a basis for th 
next Treasurer’s Report. 


sear a Se, i} 
*See this Journal, n.s. vol. 13, no. 2, 1955, pp} 
376-377; n.s. vol. 14, no. 2, 1956, pp. 365-367. 
5 Clark Howell who was serving out Dr. Greu 
lich’s term on the Executive Committee will no 
fill out Dr. Lasker’s term. 


PROCEEDINGS 93 

‘ Withdrawals by years: 

ul WO D8 wR OTIStampsic. «iy etka oes ae eee $ 10.00 

HO; StAtlONerYya hie yk a, Se Oe 70.56 

i Horsprintingccieck sprain ..4 a a ee 3.74 
if Cheek returned by bank 74.0, 6 2.0.05 pan. 10.00 

i 1959: To Wistar Institute (extra printing costs of 

| article UA JOUER we estore ee gam Ay hn RG 117.39 

if To Wistar Institute (subscriptions to Journal) 245.33 
Horrubbertstampae: acy wari eee seals 

ROU tral arew. grec ert er yuk Se ee 40.90 

| Botstatoneryaend, Cash weu2 «ue ae 133.337 

Mi For expense of 1958 meeting .............. 24.54 

i For printing and mailing program for 1959 

i THC CUITIS sete e ene OE A/S, hae ae pin 178.84 

ilk Checks returned by Dank) +. yeah ee 30.00 
i) 1960: For typewriter for editor of Journal ......... 259.28 

“I UNESCO coupons returned by bank ......... 8.00 1137.12 
F Bank balance, May 12, 1960 $5176.25 


SCIENTIFIC PAPERS 


1. Dental morphology of the early inhabitants 


| of Kish, Mesopotamia, 3000 B.C. Virginia M. 
i) Carbonell, W. G. Zoller Dental Clinic, University 
of Chicago. 


The dentition of the early inhabitants of Kish, 
Mesopotamia, 3000 B.C., was studied in order to 
determine dental traits common to the group and 
evaluate the evolutionary position of their dental 
development. 

Detailed examination of tooth morphology was 
accomplished by observation of dental traits such 
as cusps, grooves, shape and size of teeth. The 


+ data collected were submitted to statistical anal- 


ysis. 

Dental traits such as dental tubercles, Cara- 
belli’s cusp, reduced number of cusps and size of 
teeth manifested advanced evolutionary trends of 
the human dentition. Reduction of the metacone 
or disto-buccal cusp of the maxillary molars was 
observed in the group. Attrition or wear on the 
occlusal surfaces of the teeth suggested the nature 
of the diet of the inhabitants. 


2. Crown characters of the deciduous denti- 
tion of Japanese-American hybrids. Kazuro Hani- 
hara, Department of Legal Medicine, Sapporo 
Medical College and University of Chicago. 

Since 1949 members of the Department of An- 
thropology, University of Tokyo, under the direc- 
tion of Dr. Suda, have been studying the physical 
traits of hybrids born of Japanese mothers and 
American fathers. The speaker’s concern has 
been particularly with the morphology of the 
deciduous dentition of these hybrids. Since re- 
ports on the human primary dentition are rare 
and there is difficulty in finding comparative data, 
the speaker has taken the opportunity while in the 
United States to study a number of deciduous 
dentitions of Whites. Thus he now has control 
data on Japanese and white children. At this 
time the three groups—Japanese, Japanese-Amer- 


ican white hybrids, and American Whites—will be 
compared mainly as regards their crown measure- 
ments and some of their morphological traits. 

As a whole, there seems to be a tendency for 
the Japanese-white hybrid group to take an inter- 
mediate position between the Japanese and white 
children in most of the crown measurements as 
well as in the frequencies of several crown char- 
acters, such as crown pattern, Carabelli’s cusp, 
protostylid and so forth. 

For further comparison, data on Japanese- 
American Negro hybrids will be shown. The find- 
ings here can only be characterized at present as 
suggestive, because observations have not yet been 
made by the speaker on American Negro children. 


3. Civilization, diet, mouth form, and dental 
health. J. Lawrence Angel, The Jefferson Medical 
College, Philadelphia. 


By age 40 two-thirds of our teeth are diseased 
whereas primitive peoples have less than one-third 
diseased. Hominid enamel and dentin are liable 
to poor calcification both genetically and from 
malnutrition. “Civilized” fermentable foods breed 
mouth bacteria whereas “primitive” rough diets 
wear teeth (0.1-0.2 mm annually) to edge bites, 
promote mobility, secondary dentin, and good 
blood supply. How do diet and mouth function 
interact? 

As a “natural” experiment 1,000 mouths from 
Greece show dental lesions (adjusted to age 41) 
steady at 25-27% during prehistoric times ex- 
cept for Mycenaean kings at 7%! With Classical 
civilization lesions decrease to 16%, rise to 25% 
in Hellenistic-Roman times, to 35% during Medi- 
eval-Turkish decline, and suddenly to 50% dur- 
ing the past century of recovery. Civilization is 
not correlated with dental health as it is with 
longevity and general health. Prehistoric diet 
(barley, mutton, herbs, olives, grapes, and later 
milk, beef, wheat) was often sparse, except for 
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royalty, and wear-producing. Eggs and the im- 
porting of wheat improved Classical diet, but by 
Roman times elaborate cooking and softer food 
follow, with less wear, more overbites, pyorrhea, 
mouth retraction, and longer upper face and 
shorter chin. Turkish introduction of sugar in 
the phase of poorest health precedes modern re- 
fined flour and definite deterioration of dental 
microstructure (Sognnaes). With age constant 
dental lesions correlate clearly with wear and 
weakly with overbites. Face structure and diet 
both contribute critically to modern poor dental 
health. 

Supported by N.I.H. grant A-224 and field grants 
from Guggenheim, Wenner-Gren, and American 
Philosophical Society. 


4. Relations of some physical properties of 
spongy bone to trabecular orientation. F. Gaynor 
Evans and Albert I. King, Department of Anatomy, 
The University of Michigan and Department of 
Engineering Mechanics, Wayne State University. 


Certain physical properties were determined for 
91 standard and 15 cubic specimens of spongy 
bone cut in different planes from various parts 
of the femurs of 10 adult human embalmed ca- 
davers. Density was determined from dry speci- 
mens but wet specimens (saline solution) were 
used for other physical property determinations. 
Trabecular orientation was based on x-rays. A 
variance analysis was made of the means of the 
physical properties of the standard specimens. 
The compressive stress, approximately parallel to 
the trabeculae, of the neck specimens exceeded 
that of the trochanteric specimens, regardless of 
loading, at the 2% confidence level. The strain 
and energy absorbed by the head specimens, 
loaded superior-inferiorly, surpassed that of the 
medial condyle specimens, regardless of loading 
direction, at the 1% and 2% levels of confidence, 
respectively. The energy absorbed in latero-medial 
loading, mostly head specimens, was greater than 
that in antero-posterior and superior-inferior 
loadings, regardless of region, at the 1% con- 
fidence level. The strain in latero-medial loading 
exceeded that in the neck and antero-posterior 
loading, regardless of region, at the 4% level of 
confidence. No other significant differences be- 
tween means were found for stress, strain, and 
energy absorbed or for modulus of elasticity and 
density, Trabecular orientation in the head ap- 
pears to influence physical properties more than 
in other regions. 

This research was supported (in part) by Re- 
search Grant A-3865 from the National Institutes 
of Health, United States Public Health Service. 


5. The Ganda pelvic skeletons: a radiological 
and osteometric study. David Al!brook and Elsie 
Sibthorpe, Makerere College, The University Col- 
lege of East Africa, and Washington University 
School of Medicine, St. Louis. 


The common clinical event of obstructed labor 
among Ganda women prompted this study of the 
female pelvic skeleton in this East African lacus- 
trine Bantu tribe. 

The work involved radiological pelvimetry of 
90 living subjects, and the measurement of 32 
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dried articulated skeletons. Though mainl) 
Baganda both groups included individuals . 
closely related tribes. 

On each living subject the stature was meas 
ured (mean 151.2 cm) and films were exposed ti} 
show brim, outlet and lateral views of the pelvisij 
On these were measured the anteroposterio;j) 
(mean 9.97 cm) and transverse brim (mean 11.5} 
cm) diameters, the symphysial height (mean 3.4]} 
cm), the straight sacral length (mean 9.5 cm )) | 
the interischial spine (mean 10.0 cm) and pubat | 
sacral (mean 11.0 cm) lengths, and the subpubic Hi 
angle (mean 78.1°). The mean brim index was} 
87.6, the calculated mean brim area was 87.29} 
sq. cm. and the mean outlet area was 85.57 sq 
cm. 

Similar measurements were made on the skel. 
etal material. Comparison shows good correspon-§ 
dence between the two groups of eal 3 
with the exception of the transverse diameter o 
the brim and the derived brim area which wer 
significantly larger in the skeletal material. 

In the skeletal material outlines of the sciati 
notch obtained by projecting 35 mm film nega- : 
tives were examined. The mean angle formed by) 
the two basal and one apical points of contra-f. 
flexure of the sciatic notch curve was 83°. In 
comparable series of male Bantu skeltons it wa 
Gia. 

It is concluded that the average female Gandaijf 
pelvic skeleton is small in all dimensions 7 


gynaecoid in configuration. 

6. Differences in anthropometric measure-+ 
ments within and between communities in Peru 
Gabriel W. Lasker, Department of Anatomy, 
Wayne State University. 


Anthropometric measurements of 18 dimen 
sions in 544 adults living in three towns in north 
Peru are analyzed. Persons (I) both of whos 
parents were born in a town differ significant] 
from residents (II) one or both of whose parent 
were born elsewhere in respect to 15 of 102 com 
parisons of means. In 13 instances (I) is sig 
nificantly less variable than (II). In 102 com 
parisons between the three towns, natives (1)| 
differ significantly in means in 29 and in var 
jiances in 16. These local differences are found 
despite admixture into the three towns at rates 
of 13 and 16%, 25 and 26% and 29 and 35% inj 
the last two generations respectively. Despite the/# 
continued differences between the adult popula-iff 
tions of the three towns there is evidence that 
immigration is tending to decrease the variabilit 
between towns and to increase the variability) 
within towns. 


7. Some biological aspects of the Bushman. 
Ronald Singer, Department of Anatomy, Univer-: 
sity of Cape Town, and University of Dlinois. 


Bio-anthropological surveys of living Bushman) 
and Hottentot populations are providing valuable. 
information concerning their distinctive char-. | 
acteristics, their relationships to each other and. 
to other African populations, their survival pat- 


| to vegetable protein intake. 
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terns, etc. In this report a few of these aspects 
are discussed. A more detailed description is in 
the press (Zeitschr. f. Morph. u. Anthrop.). 

In some respects the Bushmen are distinguished 
both in morphology and blood group frequencies 


| from other African peoples, and it appears that 


their haptoglobin frequencies may also be unusual 
(Barnicot, N. A., Garlick, J. P., Singer, R., and 
J. S. Weiner. Nature 184: 2042, 1959). 

The Bushmen’s increasing difficulty of obtain- 
ing meat (game), has necessitated a transition 
Certain nuts and 
beans protect them from protein malnutrition, 


' this beng especially important in the post-wean- 


ing phase of infants. 
The correlation between malaria and bilharzia, 
habitat distance from the Okavango river and 


| various clinical tests on the Bushmen is dis- 


cussed. 

Various diseases afflicting the Bushmen are 
mentioned and their survival pattern is discussed. 
The Bushman is a remarkable example of human 
adaptation to extremes in nature and environ- 
mental restrictions. 


8. Did Columbus have syphilis? Charles W. 
Goff, Yale University School of Medicine, New 


' Haven, Conn. 


Two cranial specimens from the Maya Indian 
ruins of Zaculeu, Guatemala, found in 1947 and 
reported by me in 1953, in “The Ruins of Zacu- 
leu,” pp. 312-319, appeared to have gross evidence 
of syphilitic osteitis. They were exhaustively ex- 
amined, grossly, by roentgen and serologic studies, 
microscopically and by comparative methods with 
modern known cranial bone syphilis. From these 
studies an important fact emerged. Syphilis had 
existed as a disease in the New World prior to 
contacts with Europeans. These skulls were dated 
by archeologic methods as somewhere between 
600 and 900 a.p. when buried. 

Much historical and recorded evidence indicates 
Vincente Pinzén, pilot of Cristobal Coloén the 
Admiral, on his return from the first voyage of 
discovery, was treated for syphilis in Barcelona 
by de Isla, an Italian physician of that era. And 
so a second conclusion seemed obvious: that a 
companion of Colén was among those who brought 
the disease to Spain from the New World, spe- 
cifically in 1493. 

Through special arrangements made possible 
by the American Ambassador to the Dominican 
Republic, I examined the famous osseous remains 
now in the mausoleum within the Cathedral of 
Santo Domingo in Cuidad Trujillo, D. R. These 
are probably the bones of Cristobal Coldén, the dis- 
coverer of the New World. Evidence of aging, 
size and robustness, multiple varieties of bones 
of a single individual and other evidence strongly 
indicated their authenticity. These remains, in- 
cluding two large cranial fragments, are without 
gross evidence of bony syphilis. A third fact 
emerged from the combined examinations: that 
Cristobal Colén did not have cranial bone syphilis. 
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Symposium 


EVOLUTIONARY AND EXPERIMENTAL 
BIOLOGY OF THE PRIMATES 


(Papers 9-15) 


9. Baboon populations in Kenya. B. Irven 
DeVore, Department of Anthropology, University 
of California, Berkeley. 


During 1959 the author accompanied S. L. 
Washburn on a ten-month study of the behavior 
and ecology of Kenya baboons (Papio doguera), 
supported by a Ford Foundation grant for the 
Evolution of Human Behavior. Most of the ob- 
servations were made in the Nairobi Royal Na- 
tional Park and the Amboseli National Reserve. 
Baboon troops were found to range in size from 
9 to 185. At Amboseli, where a census was made 
of 15 troops, the total number of animals was 
1203; the troops varied in size from 13 to 185, 
with a mean troop size of 80. At Nairobi, 9 troops 
were found to range in size from 12 to 87, with 
a total population of 374, and a mean troop size 
of 41.5. Population density in the Nairobi Park 
was about 10 baboons per square mile. Density 
at Amboseli was higher, but these data were 
gathered at the end of the dry season when con- 
centration at water holes was probably at a peak. 

The home range of Nairobi troops varied from 
3l% square miles (troop of 28) to 9 square miles 
(troop of 87). There is considerable overlapping 
of troop ranges, and no indication of defense of 
“territorial boundaries.” Contact between troops 
in the Nairobi area is infrequent, but at Amboseli 
contact can be both frequent and prolonged. In 
neither area, however, are individuals seen to 
change troops (only one instance of this having 
been observed during this field session). No 
healthy, completely solitary baboons were seen. 


10. Social behavior of Rhesus monkeys. Stuart 
A. Altman, Biological Laboratories, Harvard Uni- 
versity. 

No abstract. 


11. Brachyteles and the other brachiating New 
World monkeys. G. E. Erikson, Department of 
Anatomy, Harvard Medical School. 

In the course of a four months’ trip in South 
America in the Spring of 1959, three specimens of 
the woolly spider monkey, Brachyteles arachnoides 
(E. Geoffroy) were collected near the Rio Doce 
in the state of Minas Gerais in southeast Brazil. 
One, a female infant, was sent back alive and is 
currently being exhibited in the Zoological Garden 
of the New York Zoological Society. This repre- 
sents the first living specimen exhibited in this 
hemisphere, and possibly in the world. The 
mother of this infant and another female (sub- 
adult) were embalmed and are now being studied 
anatomically. These cadavera represent the first 
complete, well-preserved specimens subjected to 
anatomical investigation. 

Photographs, x-ray films and anatomical data 
will be presented. Comparisons of Brachyteles 
with Lagothrix and Ateles will bear on the ques- 
tion of their genetic distinction. 
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The brachiating features of these three genera, 
and some approaches to them in Alouatta, will be 
reviewed, and comparisons will be made between 
these New World forms and brachiating Old 
World forms. 


12. The skin of primates. William Montagna, 
Department of Biology, Brown University. 


No abstract. 


13. Chromosomes of Old World primates. 
Ernest H. Y. Chu, Oak Ridge National Labora- 
tories. 


No abstract. 


14. Chromosomes of New World primates. 
Michael Bender, Oak Ridge National Laboratories. 


No abstract. 


15. Hemoglobins, haptoglobins, and serum 
transferrins of a number of Old World primates. 
John Buettner-Janusch, Department of Anthro- 
pology, Yale University. 


No abstract. 


16. Richard Owen and primate studies. Jacob 
W. Gruber, Temple University. 


Richard Owen was born in 1804 and died in 
1892. His life spanned the most significant and 
exciting period in the history of the natural 
sciences. 

In the course of his intellectual travels, he met 
the primates. From 1835 until 1855, he produced 
from the wide variety of his researches a number 
of papers and memoirs on the primates, particu- 
larly the man-like apes whose interest was 
heightened not only by the dearth of information 
at hand but also by the undoubted affinities which 
they had to man. Reading this series in the order 
of their production, it is possible to measure the 
extent of Owen’s contributions not only to the 
classification of the group, but also to the develop- 
ment of the significant body of data concerning 
their organization, functional adaptation, affin- 
ities and geological history. Owen seized upon 
every specimen, no matter how obtained, to 
construct the natural history of that near human 
group which “still remained almost as little under- 
stood as at the dawn of zoological science.” Hux- 
ley, in his Essay on Man’s Place in Nature, notes 
sadly that it had taken two and a half centuries 
“to arrive at the clear result that there are four 
distinct kinds of Anthropoids.” In England, at 
least, no man did more to achieve that result 
than did Owen. 

Owen’s acceptance, however, of the progres- 
sionist philosophy, by which increasingly com- 
plex organic forms were assumed to have been 
successively created within an overall design— 
the very system which gave his researches mean- 
ing—made it impossible for him to accept the 
apparent directionless of evolution. Moreover, his 
assumption of the uniqueness of man as the 
term of that creative series led him to construct 
anatomical distinctions which did not exist. His 
insistence on the uniqueness of man and a di- 
vinely ordered organic universe in the face of the 


victories of post-Darwinian biology made of him i 


an anachronism whose earlier labors were toa 
soon forgotten. 


ql 
17. Why the marmoset grew her tail. Willianx}) 
E. Edwards, University of South Carolina andi 


University of Chicago. 


The caudal index (tail length/head+ body) 
length) is employed as the primary criterion of | 
Marmoset ff} 
and _ behavior] 
(especially the unusual monogamy and transport’ ! 
of young by father) must all be considered in) 
interpreting tail hypertrophy causation. Nineteen) 
hypotheses may be deductively analyzed to deter-. | 
mine expectable concomitant phenomena of each. jj} 
There is unsatisfactory accord between requisite | | 


marmoset tail hypertrophy degree. 
geography-ecology, morphology, 


concomitants and empirical data for eighteen 


hypotheses, including those of allometric growth | 


pattern resultant, erythrocyte production, loco- 


motor balance, sitting support, and prehensility. i 
The sexual-social selection postulate, however, the ]} 
expectable concomitants of which include an un- ff 
equal sex ratio, sexual dimorphism in tail hyper- ]f 


trophy, and lower caudal indices for larger species, 
is entirely consistent with available data. 
Comparable analyses indicate that tail hyper- 
trophy by sexual-social selection is widespread 
among most major divisions of the primate order. 


18. A study of dental variability in a natural 
population of gibbons (Hylobates lar.). John E. 
Frisch, s.j., Department of Anthropology, Univer- 
sity of Chicago. 

It has long been recognized that an accurate 
knowledge of living primates forms an essential 
basis for a correct interpretation of the primate 
fossil record. Yet, data concerning the variability 
of the primate dentition, especially in wildshot 


populations, are practically inexistent. The lack |} 


of such data makes it particularly difficult to 
estimate the taxonomic significance of differences 
observed in fossil dentitions, which still consti- 
tute the major part of the fossil record. 


The present study aims at filling part of this | : 


gap by describing the amount and kind of dental 


variations observed in a sample of 125 gibbons of | 


the species Hylobates lar, collected in Thailand 


by the Asiatic Primate Expedition of 1938. Spe- 


cial attention is paid to the occurrence of extra- 
cusps, the cusp and groove patterns and the high 
frequency of a supernumerary root in the lower 
premolars. 

The main conclusions are: 1. an unexpected 
high degree of dental variability in this natural 
population; 2. the majority of the observed varia- 
tions occur bilaterally and thus appear to have a 
genetic basis; 3. teeth considered most stable in 
hominids may not be so in gibbons and the ap- 
plicability of Butler’s field concept to all the higher 
Primates is therefore questionable. 

The implications of these findings for the inter- 
pretation of the primate fossil record are discussed 
and the need for similar studies of other species 
of gibbons is stressed. 
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‘19. Comments on the brain of the gorilla. 
Charles R. Noback, Department of Anatomy, Col- 


lege of Physicians and Surgeons, Columbia Uni- 
versity. 


The topography and cytoarchitecture of the 
| brain stem (midbrain, pons and medulla) nuclei 
are, in general, remarkably similar to those in 
) man. Several differences that may have func- 
tional significance are present in the gorilla ex- 
amined. 

The nucleus ambiguus (motor innervation to 
') larynx and pharynx) is shorter and less cellular 
‘tf in this gorilla. The cellularity is low in the oral 
i third of the nucleus, the portion which is pre- 
‘} sumed to innervate the laryngeal muscles in man. 
The descending nucleus (pain and temperature 
i of face) of the fifth nerve is divisible into three 
ij nuclei (oralis, interpolaris and caudalis) as in 
i man, macaque and gibbon. Cytoarchitecturally, 


these nuclei are similar to those in man but are 
| slightly different from these nuclei in the macaque 
‘s and gibbon. 
j The nucleus of Perlia (convergence?) is repre- 
/ sented by only a few scattered cells in the gorilla. 

The nucleus of Edinger Westphal (light reflex 
and accommodation) is similar in its extent and 
/ contour as in man but the nucleus is a con- 
tinuous column as in the macaque and not a dis- 
continuous column as in man. 

The cross sectional areas of the dorsal columns 
(proprioception etc. from body) in lower medulla 
are considerably larger in the gorilla (35 to 44% ) 
than in man (29 to 31%) with respect to the 
total cross-sectional area of lower medulla. The 
functional significance is implied but not proven. 

Supported by a grant from the United States 
Public Health Series, B-1417. 


| 
F 20. Report on the new fossil site at Langebaan 
1 in South Africa. Ronald Singer, Department of 
{, Anatomy, University of Cape Town, and Univer- 
4) sity of Illinois. 
The chance observation by the author of a 
4 heavily fossilized tortoise carapace in the Port 
Elizabeth Museum led to a visit to the Langebaan 
| Phosphate Quarries of the African Metals Corpora- 
| tion. This vast site is only 10 miles north-north- 
#& west of the equally large Elandsfontein (Hope- 
l) field) site which yielded the Saldanha skull and 
associated artifacts and faunal remains. Com- 
mercial excavations cover a potential fossiliferous 
area of about 4 square miles. Previously a mass 
of fossil material had unfortunately gone through 
the stone-crushers. Among the specimens found 
was a portion of a right upper molar of Stego- 
lophodon sp. (Singer, R., and D. A. Hooijer. 
Nature, 182: 101-102, 1958), the only other 
‘recognized African representative of this genus 
| having been described from Sahabi in Cyrenaica, 
North Africa. Recently a tooth akin the Lange- 
baan specimen was diagnosed by the author in a 
collection from the Kaiso Beds, then in the British 
| Museum (Natural History). The Langebaan col- 
4 lection also contains Stegodont and Archidisko- 
dont specimens. 

The importance of the site is demonstrated by: 
(a) the material is found at depth in two major 
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layers; (b) the upper limestone layers yield 
specimens similar to the nearby Elandsfontein 
fauna, while the lower phosphatic layers contain 
a far more archaic series belonging to the Middle 
or Lower Pleistocene; and (c) if hominid remains 
are found they may provide an important (? new) 
link in the evolutionary story in Africa. 

Grants from the South African Council for 
Scientific and Industrial Research and the Wen- 
ner-Gren Foundation for Anthropological Research 
have facilitated the field work. 


21. Plesianthropus Transvaalensis: Additional 
facial fragments. G. W. H. Schepers, E. I. du 
Pont de Nemours and Company, Newark, Dela- 
ware. 


A description is furnished of two fossil frag- 
ments from the Sterkfontein bone breccia. These 
specimens include the posterior half of the ramus 
mandibularis of an adult? male. Dimensionally, 
it matches the jaw of Plesianthropus transvaal- 
ensis, enabling complete visualization of this 
hitherto incompletely defined part of the mandible 
including the condylar process and the angulus. 
The second specimen comprises a parasagittal 
portion of the facial skeleton. The plane of 
cleavage passed through the taurodont teeth of 
the right maxilla and mandible and slightly 
obliquely through the maxillary antrum, the orbit 
and the supraorbital ridge. These facial frag- 
ments match closely the dimensions and contours 
of adult male Plesianthropus transvaalensis skulls. 
This specimen was found at Sterkfontein, Trans- 
vaal on August 1, 1936. If accepted as a Plesian- 
thropus, this will represent the first specimen 
identified. 


22. The genus Australopithecus. S. L. Wash- 
burn, Department of Anthropology, University of 
California, Berkeley. 


Through the kindness’ of Drs. Dart, Leakey, 
and Robinson, and with the aid of a grant from 
the Ford Foundation, it has been possible for 
me to see a large part of the australopithecine 
material. Structurally, there appear to be two 
well-defined groups, an early, small one, and a 
late, large one. These two forms differ no more 
than many species of monkeys and apes. The 
specimen from Olduvai is very similar to those 
from Swartkrans. 

Large numbers of stone tools have now been 
found associated with australopithecines. There 
seems to be no doubt that at least some of these 
forms were making stone tools, and it is probable 
that all were tool users. 

The situation on the bone tools is by no means 
so clear. Certainly most of the forms regarded 
as evidence for an osteodontokeratic culture can 
be duplicated from the remains of recent kills. 

The evolutionary importance of these discov- 
eries is that they show that tool use may be as 
old as bipedal locomotion, and that the increase 
in the size of the brain followed long after bi- 
pedal locomotion and tool use. 
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23. Variation in the ABO blood groups among 
American Indians: A possible association with 
dietary differences. Alec J. Kelso, University of 
Colorado. 

The ABO blood genes show a rather puzzling 
distribution over the face of the earth. While 
originally the trait was thought to be non-adap- 
tive, at the present most authorities agree that the 
frequencies are a consequence of adaptation. A 
primary difficulty arises, however, in attempting 
to point out specific mechanisms which might be 
responsible for bringing about this adaptation. 

In the present paper the gene frequencies of 
aboriginal peoples in North and South America 
are analyzed in an effort to show a possible re- 
lationship between them and dietary differences. 
North America is divided into four major areas: 
(1) The Plains, (2) the boreal forest and Eskimo, 
(3) southern gatherers, and (4) agriculturists. 
South America is divided into three areas: (1) 
Intensive agriculture, (2) tropical forest, and (3) 
marginals. The samples representing each of 
these areas have been drawn primarily from 
Mourant et al. (The ABO Blood Groups) and in- 
clude only those consisting of at least 100 
individuals all of whom are believed to be entirely 
of Indian descent. 

While there is in some instances a considerable 
amount of cultural variability in each area from 
the standpoint of productivity, each area is rather 
homogeneous with respect to two features: basic 
dietary items and ABO blood gene frequencies. 
On the basis of this association, the author sug- 
gests a possible real relationship between diet and 
the gene frequencies. 


24. ABO(H) incompatible matings: A causa- 
tive factor in human infertility. Rodger Heglar, 
University of Michigan. 


Recent years have produced a large number of 
clinical and statistical population studies demon- 
strating the role of the ABO(H) blood group sys- 
tem in human fertility. These data have shown 
maternal foetal incompatibilities ranging from 
foetal loss to hemolytic disease of the newborn 
in its milder forms. These eliminations of in- 
compatible offspring are the result of preg- 
nancies due to “heterospecific” or “heteroanti- 
genic” matings. The most frequent serological 
feature seen in the above cases is a group A 
offspring (antigen A of the male) and a group O 
female. 

Our investigation, made possible through the 
cooperation of Women’s Hospital and Gynecology 
Department of the University of Michigan Med- 
ical Center, has focused upon referred infertility 
cases with unknown etiology. These “refractory 
infertiles”’ comprise 10-20% of all infertilities. 
Blood, saliva, and semen samples were obtained 
from an Infertile Couple Series (Group I, 109 
couples) and a Fertile Control Couple Series 
(Group II, 171 couples). Knowing the above blood 
group pattern previously encountered, the major- 
ity of the selected couples included group O 
women. 

Recent research has demonstrated the presence 
of ABO(H) antibodies in cervical and uterine 
fluid, and ABO(H) antigenicity in sperm. The re- 
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search reported here is an investigation of sus-}j 
pected antigen/antibody reactions at the precon-}} 
ceptual level involving antibodies in vaginal 
fluids and sperm antigens. Also, the secreton}) 
status (ABO(H) blood group substances in body 
fluids) was determined for couples in both series} 

The serological information indicates a con+j} 
sistent blood group pattern of heterospecific mat-} 
ings involving group O wives and group A hus-§ 
bands among the infertile couples. Likewise, the] 
secretor data varied from the expected ratio as 
the infertile series indicated more non-secretors# 
and “aberrant” secretors than the control series} 
of fertile couples. 


25. Blood groups of Dominicans. Fred H.} 
Allen, Jr. and Robert A. Milch, Boston and Balti-j} 
more. 1) 

Blood grouping tests have been done on 135) 
native residents of the Dominican Republic.}) 
These comprised two groups: 94 students in aj) 
seminary in Ciudad Trujillo who come from all! 
parts of the country, and 41 residents of the to | 
of Bani. There were marked differences in blood- 
group frequencies between the two groups, sug- 
gesting that the population of the Dominican 
Republic does not have a uniform genetic back- 
ground, although the Dominicans consider them 
selves a distinct ethnic group (which they believe} 
originally consisted of some European, some} 
African and some Carib Indian stocks). Bot i 
groups tested have evidence of a large proportion} 
of genes of African origin and no detectible trace 
of Indian genes. 


26. The competition between antibody-forming 
clones. John Scudder, Columbia—Presbyterian: 
Medical Center, New York City. 


No abstract. 


27. The measurement of subcutaneous tissue 
by the Harpenden caliper and by surgical incision. | 
Edward I. Fry, Department of Anthropology, Uni- 
versity of Nebraska. | 
i) 


The relationship between Harpenden caliper 
measurement of subcutaneous tissue and direct 
measurement of that same tissue by surgical inci- 
sion provides a true test of the validity of caliper 
measurements of subcutaneous tissue. 

Preliminary results from investigations carried} 
out in English hospitals in the summer of 1959) 
indicate that the Harpenden caliper technique 
does accurately gauge the subcutaneous tissue 
depth. Nineteen subjects with an average age of 
43 years, provided 55 test sites. The product-| 
moment correlation between the caliper measure- 
ment and the incision measurement was 0.82., 
The mean caliper measurement was 42% of the \# 
doubled incision mean. 

Further investigations along these lines are if 
being carried out on surgical patients and autopsy | 
subjects in the U.S.A. 


28. A new model of skinfold caliper. K. O.| 
Lange and Josef Brozek, Wenner-Gren Aeronaut- | 
ical Research Laboratory, University of Kentucky, | 
and Lehigh University. | 


Body fat is one of the most “dynamic” com- 
ponents of human physique, exhibiting system- 


4 


\} the x-ray tube. 
' tween the tube and the target by means of a 


' ration for the use of a prosthetic device. 
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atic trends with age as well as intra-individual 


' changes associated with change in mode of life 


(food intake, activity) and with disease. The 


i inter-individual differences are large and the ap- 
| praisal of their significance for the maintenance 
_ of health, longevity and development of specific 


degenerative (non-congenital, non-infectious) 
diseases is an important, unfinished task. 
The subcutaneous fraction of the total body fat 


| is accessible to anthropometric appraisal through 
| skinfold measurements. 


In answer to persistent 
demands for a light compact skinfold caliper an 


’ instrument was developed with the following 


characteristics. 
A slender handle held in the natural (right) 
hand position is opposed by a thumb lever. 


' Thumb pressure on this lever opens two jaws uni- 


formly in opposite directions to receive the skin- 
fold. Maximum opening is over 6 centimeters. 
Upon release of the thumb the jaws clamp onto 
the skinfold by means of two opposed tips of 
approximately 30 square millimeters contact area. 
An internal spring arrangement causes the con- 
tact pressure to be 10 grams per square milli- 
meter irrespective of the thickness of the skinfold. 
The reading of the thickness of skinfold under 
this pressure is obtained by noting the position 


“} of the fine pointer on a semicircular dial, 2.5 


inches in diameter, with an almost linear scale, 
with divisions of 150% of natural size. 


29. A new method of osteometry. Harry Wood 
O’Dell, The Akron Clinic, Akron, Ohio. 


This method utilizes the principle of triangula- 
tion and employs a grid between the target and 
The grid is placed halfway be- 


lazy tong apparatus. Computation is not neces- 
sary as the grid is constructed to scale. The 
length of bone can be read directly from the film 


as the grid lines are numbered. Special cassettes 


are not necessary for a small cassette is placed 


/ under each end of the bone. Only one exposure 


is necessary. In children the entire extremity 


/ can be measured with one exposure. A checker- 


board grid is used for hip measurement in prepa- 
The 
method was tested by measuring intra-medullary 
rods which were embedded in fractured femora. 


30. The relative efficiency of measurements 
for determining race and sex in human crania. 
Orville Elliot and Eugene Giles, Department of 
Anthropology, Harvard University. 


Discriminant functions based on 11 cranial 
measurements on 300 skulls from the Todd and 
Terry collections of human skeletal material were 
calculated to differentiate Whites and Negroes for 
both males and females. The calculations were 
done on electronic punch card equipment which 
permitted multivariate analyses not feasable by 
desk calculator techniques. 

The analyses show that the culturally defined 
categories of White and Negro can be distin- 
guished in the skull with a high degree of accu- 
racy by use of metrical characteristics. Identifica- 
tion of race by this procedure compares favorably 
with previous results obtained by quantitative 
observations of morphological criteria. 
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The results indicated the discriminant efficiency 
of each individual measurement as well as the 
discriminant function as a whole. An indepen- 
dent test was done on the accuracy of race identi- 
fication by means of 108 skulls not included in 
the original calculations. The relative utility of 
10 of these measurements for the determination 
of sex in both races was also ascertained. 


31. Discriminant functions for the morpholog- 
ical sexing of human skulls. Eugene Giles and 
Orville Elliot, Department of Anthropology, Har- 
vard University. 


Ten cranial dimensions (length, breadth, 
basion-bregma height, nasion-basion, nasion-pros- 
thion, basion-prosthion, mastoid length, opisthion- 
forehead maximum, bizygomatic breadth, palate 
breadth) have been measured on a sample of over 
400 known-sex skulls from the Terry and Todd 
skeletal collections. From various combinations 
of 5 to 10 of these measurements 28 discriminant 
functions have been calculated to provide the 
maximum possible differentiation between the 
sexes in Negroes, Whites, and both races com- 
bined. The probability of misclassification has 
been determined for each discriminant function. 
The sex of a skull can be determined by taking 
similar measurements, multiplying them by the 
corresponding coefficients of the discriminant 
function, and noting whether the sum falls on the 
male or the female side of the sectioning point. 
Seventy-five specimens of each of the 4 race and 
sex combinations were used in the calculations, 
the remainder provided an independent check. 


32. Contourometry: A novel anthropometric 
technique. K. O. Lange, Wenner-Gren Aeronaut- 
ical Research Laboratory, University of Kentucky. 


Early anthropometric devices to describe the 
living head and body forms were simple calipers 
and head spanners. The “Cartesian faceometer,” 
developed in 1952, permits the rapid measurement 
of selected reference points of the human head 
by X Y Z coordinates. In order to minimize the 
time of observation on a subject, to avoid dis- 
tortion by mechanical pointers, and to obtain 
continuous measurement or reproduction the 
“Lange-USAF contourometer”’ was subsequently 
developed. 

The apparatus consists essentially of two parts, 
namely a contour-producing stroboscopic light 
unit and a photographic unit. It permits to re- 
produce clear contour lines on the human head 
from 4 directions with various depth spacings, 
thus recording complete topographic maps of the 
head form and size. A system was devised to 
super-impose upon the record a grid for direct 
reading in rectilinear coordinates. 

At first satisfactory contours could be obtained 
only where the camera could see and record on 
the camera side of the body parts, but later, with 
support of the United States Army, a contourom- 
eter was developed which permits to photograph 
“hidden” contours by means of oblique mirrors. 
The distorted pictures thus obtained are then 
reprojected through the same apparatus into the 
original plane of the contours. In that way con- 
tours of natural size are produced either on a 
screen or on photographic paper. 
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Using this principle, a small and semi-portable 
contourometer was built which permits the re- 
production of horizontal cross-sections through 
heads or hands or feet. 


33. The presentation of anthropometric data 
in three-dimensional forms. Milton Alexander, 
Capt. Robert S. Zeigen and Irvin Emanuel, An- 
thropology Section, Aerospace Medical Laboratory, 
Wright Air Development Division, Dayton, Ohio. 


The Anthropology Section, Wright Air Develop- 
ment Division, has used new as well as standard 
approaches in the attempt to translate anthropo- 
metric data into three-dimensional forms. Basic 
anthropometric data must be interpreted for the 
designer and engineer prior to their application 
to practical problems. One recognized method of 
presentation is summating each dimension under 
its mean, standard deviation and percentiles. This 
approach has been proved quite acceptable for 
workspace situations concerned with gross meas- 
urements. On the other hand, considerable con- 
fusion exists among designers and engineers 
when it comes to handling anthropometric data 
for items of close-fitting protective equipment, 
€.g., pressure suits, oxygen masks and helmets. 
In the past, various head and body forms have 
been fabricated to provide the designer with more 
concrete expressions of anthropometric data. Re- 
cent efforts along these lines have led to the 
development of new _ three-dimensional forms, 
some for general application and others for spe- 
cific problems. All of the current approaches em- 
ploy key dimensions chosen to determine size 
ranges. Items included under this program are 
(1) a series of faceforms (key dimensions are 
total face length and lip length), (2) two series of 
headforms (both using head circumference as the 
key dimension), and (3) a series of body mani- 
kins (based on height and weight). The special 
set of faceforms has been used to size a new 
light-weight oxygen mask; the two headform series 
are in use for the experimental sizing of various 
helmets; and the body manikins are being fab- 
ricated to represent a range of body sizes using 
a height-weight system for flight clothing. The 
design rationale on which these forms are based 
and the difficulties encountered in sculpturing 
them to dimension are discussed. 


34. Heights and weights of white Americans. 
Howard W. Stoudt, Albert Damon and Ross A. 
McFarland, Department of Industrial Hygiene, 
School of Public Health, Harvard University. 
(Read by Robert M. White. ) 


The need for height and weight data on a 
population, always useful for nutritional, physio- 
logical, and public health purposes, has recently 
become acute in the fields of radiation protection 
and “human engineering.” Based on published 
and unpublished studies made since 1940, some 
by ourselves, means and standard deviations are 
presented for white males and females in the 
United States from birth to old age. 
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35. Aerospace applications of physical an-} 
thropology. Richard G. Snyder, Applied Research} 
Laboratory, University of Arizona. | 


The efforts to place man in the new astro+ | 
ecological environment of space poses many prob-}j 
lems for which limited knowledge, or in many} 
instances no knowledge at all, exists. As a con-} 
sequence the associated biological problems should i 
challenge and stimulate the physical anthropolo-f} 
gist in both basic and applied research areas. | 
Consideration of some of the factors involved) 
within the scope of aerospace anthropology are i 
discussed. Selected aspects of current and pos-f} 
sible future research are discussed in regard tol 
hypersonic escape and protection, force stresses! } 
and human tolerance to acceleration, vibration, §/ 
oscillation, weightlessness, seating and support 
systems, the closed ecological system, body com-§ 
position and physique criteria, and certain other) 
biological and cultural relationships inherent in af} 
manned space vehicle. Some areas of research) 
where the physical anthropologist, more than per-. 
haps any other discipline, may offer particularly) 
important contribution in current and future in-f 
vestigations are suggested. 

I 

36. The anthropometry of Army aviators: A\ff 
preliminary report. Robert M. White, Quarter-. 
master Research and Engineering Center, Natick, 
Massachusetts. 


An anthropometric survey of Army aviators was 
recently completed by the Quartermaster Corps. 
In this survey, measurements were obtained on a 
series of 500 pilots, which represents a 10 per 
cent sample of the Army aviator population. Forty 
anthropometric measurements were taken on each 
man; these data have been analyzed for applica- 
tion in the design, sizing, and human engineering 
of clothing and equipment in the field of Army 
aviation. 


37. A photographic method of grading varia- \¥ 
tions in skin color. Leo Estel, Department of 
Sociology and Anthropology, Ohio State University. 

The major factor in variations in skin color is 
variation in the amount of the brown pigment, 
melanin. Increase in amount of melanin resuits 
in a darkening of the skin. By proper juxtaposi- 
tion of a standard gray scale in the making of 
black and white photographs of skin color a satis- i | 
factory grading to a 7 point scale can be made. 
The method does not require an exceedingly exact | 
control of exposure and development and standard | 
commercial film and service can be utilized. Very jf 
successful results have been obtained with a 
Polaroid Land camera which will be used for | 
demonstration purposes. | 


Symposium 


THE TEACHING OF PHYSICAL 
ANTHROPOLOGY 


(Papers 38-42) 


38. Introduction. David Mendelbaum and | 
Stanley M. Garn, University of California, Los |fj 
Angeles, and Fels Research Institute. | 


No abstract. 
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39. Objectives and concepts. 
Thieme, University of Washington. 


No abstract. 


Frederick P. 


40. Design of courses. Edward E. Hunt, Jr., 
Department of Anthropology, Harvard University. 


No abstract. 


41. Techniques of teaching physical anthro- 


" pology. F. S. Hulse, Department of Anthropology, 
. University of Arizona. 


The techniques used in teaching physical an- 
thropology will undoubtedly vary in accordance 


‘: with the aims and interests of the teacher, as well 
_ as with the resources available to him. It is uni- 


versally agreed that laboratory work of some na- 


) ture is required on all but the most elementary 
*: level, if not even there. 


Audiovisual resources 
should be exploited extensively. Individual and/ 
or class projects ought to be encouraged as much 
as possible. A variety of types of equipment 
must be available, because of the diverse sorts of 
research used in physical anthropology. The one 
absolutely necessary piece of equipment, however, 
is a teacher trained in physical anthropology. 


42. Discussion. W. Montague Cobb and Wil- 


> ton M. Krogman, Department of Anatomy, Howard 


University and Philadelphia Center for Research 
in Child Growth. 


No abstract. 


43. Presentational methods. D. L. Polacheck, 
Tri-County College, Saginaw, Michigan. 
Papers are presented with communication as 


' the aim. Regardless of scientific content or sub- 


ject field, the research report succeeds or fails 
as the presenter communicates or fails to do so. 

Comment will be offered on presentational 
methods in two areas: graphic material, and, 
paper delivery (non-newsboy department). That 


specific reference to the efforts of physical anthro- 
| pologists will be made, is to be understood. 


44, P.A.onT.V. Charles E. Snow, Department 
of Anthropology, University of Kentucky. 

The regular introductory course in physical 
anthropology at the University of Kentucky was 
televised by open circuit beginning the fall semes- 


q ter, 1959, to an assembled class of 150 on the 


campus at the University, to extension students 


- who viewed sets at home, and to the community 


at large. It is being repeated for the second time 
this spring semester. 

This experimental production was sponsored by 
the University of Kentucky Broadcasting Service 
and the Department of Radio Arts, College of Arts 
and Sciences. It would appear to be a first in 
physical anthropology. It is noteworthy that a 
commercial station—WLEX—donated the time— 
9:00 to 10:00 a.m. Monday, Wednesday, and Fri- 
day—as a public service. 

There are many unique advantages to TV once 
the instructor successfully substitutes the camera 
for the responsive (and sometimes sleeping ) faces 
of students. Demonstration models, casts, and 
illustrations on cardboard, slides and/or movies 
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are Visible screen-size to all viewers. (Even Proko- 
fiev’s music and fade-out filmed introduction were 
used.) There’s “no limit” to the number of view- 
ing studients; indeed, one partially blind boy 
achieved a C. Five tests during the semester 
showed similar curves to large-sized classes of 
past years, and the belief is that no student at 
U.K. ever saw more physical anthropology better. 

It is believed that the “no show” interruption 
(one complete show and one-third of another) 
was no more worrisome than ordinary classroom 
absence due to illness, bad road conditions, and 
other teacher hazards. 

The effectiveness of the program as a whole 
has proved beyond our greatest hopes and indi- 
cates a stimulation throughout the community 
that augers well for a better understanding of 
anthropology as well as opening new vistas to 
career-seeking pre-college students. 


45. A preliminary report on the variation in 
cranial types of the aboriginal plains Indians. 
William M. Bass, Department of Anthropology, 
University of Nebraska. 


Our present knowledge of the protohistoric 
Plains Indians stems mainly from archaeological 
material, ethno-historical documents and ethno- 
logical data from living Indians. Much is known 
about the culture and habits of the Plains Indians 
prior to the coming of the white man. Archaeo- 
logical excavations since 1946, the result of re- 
clamation and flood control projects in the Mis- 
souri River Basin, have contributed tremendously 
to our knowledge of the Indian cultures in the 
Plains. But, at the present there is little pub- 
lished scientific work on the physical types of the 
Indians themselves. We know much about their 
culture but very little about their physical ap- 
pearance. 

The author began two years ago a research 
project supported by the Smithsonian Institution 
and a grant from the Anthropology Department 
of the University of Pennsylvania to gain basic 
information on the physical types of the proto- 
historic Plains Indians. Measurements and ob- 
servations were made on the human skeletal 
material of over 2000 individuals from the Mis- 
souri River Basin area. A preliminary analysis 
of the adult male skulls from three (Arikara, 
Pawnee and Aksarben (Upper Republican and 
Nebraska culture)) of the larger related groups 
within this area will be reported. A statistical 
analysis attempting to arrive at a quantitative 
measure of biological differences between groups 
will be discussed. 


46. The incidence of cervical ribs in North 
American Indians. Clyde C. Snow and Loudell 
M. Fromme, Department of Anthropology, Uni- 
versity of Arizona. 


The incidence of cervical ribs in a sample of 
over 3000 North American Indians is presented, 
based on a review of chest roentgenograms. 
Tribes included in the sample are Arapaho, Chip- 
pewa, Haida, Papago, Pima, Shoshone, Sioux, 
Tsimshian, and Tlingit. There appears to be little 
difference in the frequency of this anomaly be- 
tween the various tribes. Among all of them, 
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however, it appears more often than among series 
of Europeans or Africans which have been ex- 
amined. A tendency towards familial occurrence 
of cervical ribs is noted, and supports a genetic 
basis of the anomaly proposed by European in- 
vestigators. 


47. A reappraisal of the age and sex of the 
Indian Knoll skeletal population with some addi- 
tional notes on the correlation of tooth wear and 
age. Francis E. Johnston, Philadelphia Center for 
Research in Child Growth. 


The Indian Knoll skeletal population, consist- 
ing of over 1200 individuals, is located at the Uni- 
versity of Kentucky and the U. S. National Mu- 
seum. This group comes from a Kentucky shell 
mound of the Eastern Archaic archaeological 
period and has been dated at 4900-5300 years of 
age by the Carbon 14 method. It is one of the 
largest homogeneous skeletal collections available 
in the country. 

During the summer and fall of 1959, the largest 
portion of the population, located at Kentucky, 
and numbering over 900 skeletons, was re- 
examined by the author in collaboration with 
Charles E. Snow and a new age and sex count 
made. 

Sexing was based primarily upon pelvic char- 
acters with skull and long bone indicators used 
secondarily. Due to a marked sexual dimorphism 
in the pelves, it is felt that the correct sex was 
assigned in the great majority of cases. 

Aging was accomplished using the latest pub- 
lished criteria, including the McKern and Stew- 
art standards for the pubic symphysis. Previously, 
the series had been aged by means of observation 
of cranial suture closure. A comparison of these 
earlier |figures with the present study shows a 
significant increase in the average age, particu- 
larly in the young adult range. 

Tooth wear was recorded as an indicator of 
advancing age. At Indian Knoll, this wear reached 
extreme stages and, working within this series, 
a good age estimate could be made based on 
dental characters. 

Finally, detailed studies were begun on the age 
and order of epiphyseal union in the sub-adults 
and the growth of long bones in the infants. 


48. A preliminary report on the odontology 
and occlusion of the Eskimos of the eastern 
Canadian Arctic. Lawrence Oschinsky and Roy 
Smithurst, National Museum of Canada, and 
Indian and Northern Health Service, Ottawa, 
Canada. 


The most detailed studies of the dentition of 
Eskimos and related people have been done in 
Greenland and the Aleutian Islands while the 
Eastern Arctic of Canada has remained a terra 
incognita odontologically. The writers had the 
opportunity during the months of July, August 
and September, 1959, to visit Eskimo settlements 
throughout the Eastern Arctic and conduct an 
investigation of the incidence of shovel-shaped 
incisors and certain aspects of maxillary lateral 
incisor crowding in order to compare these data 
with work already done in the Arctic. 
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The most frequent occlusal type with reference’ 
to the relationship of the incisors is an edge-to-, 


edge or labidodont condition. Overbite or scissor 
bite occurred in only 0.4 per cent of the sample. 


Protrusive mandible or Class 3 malocclusion, ac- | 
cording to Angle’s classification, also occurred in | 


0.2 per cent. In approximately 33 per cent of a 
sample of 2,000 Canadian Eskimos a situation ob- 
tains wherein the lateral maxillary incisors are 
displaced lingually in relation to the central in- 
cisors, i.e., “in-standing lateral incisors.” 


to as high as 40 per cent in each population. 
The frequency of shovel-shaped incisors among 
499 Eskimos representing a sample drawn from 
various settlements of Baffin Island, Hudson’s 
Bay, etc., amounted to 99.2 per cent which is 
consistent with other data on the Aleuts and 
Eskimos as well as Mongoloids in general. It is 
interesting that the distribution of shovel-shaped 


This 
condition was found to occur in every Eskimo 
settlement visited, and varied from 22 per cent J 


incisors and the above mentioned malocclusion | 


should occur so uniformly over such a wide area 
in more than 17 small breeding populations which 
are relatively isolated. Since these characters are 
polygenetically determined, they are Jess subject 
to changes in frequency caused by genetic drift 
and so are more reliable in the determination of 
racial affinities of populations. 


49. Semicircular canal rotation in bipedal 
rats. Melvin L. Moss, Department of Anatomy, 
College of Physicians and Surgeons, Columbia 
University. 

Certain evolutionary changes in cranial morph- 
ology are associated with the acquisition of bi- 
pedal posture and locomotion. Special emphasis 
has been placed on the constant orientation of 
the semicircular canals in space throughout these 
morphological alterations (see: Delattre and 
Fenart, Z. Morph. Anthrop., 49: 90-114, 1958). 
The following experimental data provide sub- 
stantial support for their hypothesis. 

Characteristic rotations of the otic capsule regu- 
larly occurred following amputation of either the 
fore or hind limbs of the neonatal rat. These 
spatial changes altered the position of the semi- 
circular canals relative to the reference plane of 
the cranial base. 

Following amputation head carriage was al- 
tered; up and back with the forelimbs removed, 
down and forward with the hind limbs removed. 
In all cases the otic capsules rotated in the oppo- 


site direction. This compensatory motion seem- | | 


ingly kept the semicircular canals in a normal 
spatial orientation. Such capsular motions were 
accompanied by similarly directed rotations of the 
post-tentorial fossa, at the region of the anterior 


Jambdoidal suture. No other cranial changes were | 


observed. 


Seemingly, an alteration of the post-cranial | 


skeleto-muscular system leading to erect posture 
by itself would be sufficient to cause a passive, 


mechanical rotation of the otic capsule within | 


the now elevated head. 


Aided in part, by a grant B-965-(C-4), National 
Institutes of Health. 
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50. Demographic aspects of the extinct Sadler- 
miut Eskimos. W. S. Laughlin, C. F. Merbs and 
W. H. Wilson, Department of Anthropology, Uni- 
versity of Wisconsin. 


The Central Eskimos differ from Alaskan and 
Greenlandic Eskimos in their blood group fre- 
quencies more than Alaskan differ from Green- 
landic Eskimos. Among the possible contributing 
factors are: (1) preservation of frequencies char- 
acteristic of an earlier strain of Eskimos (e.g., 
Dorset), and (2) alteration of frequencies attri- 
butable in part to small size of isolates, infrequent 
contact between them, and comparatively fre- 
quent extinction of some isolates. It is suggested 
here that early age at death with reduced overlap 
between generations, within small isolates which 
had both a high degree of relationship between 
members and inbreeding, contributed to the gen- 
etic instability of such isolates. 

The recovery of a large series of skeletons from 
Native Point, Southampton Island, N.W.T., Can- 
ada, provided the opportunity of examining the 
sex and age composition of a group of Central 
Eskimos and of comparing it with series from 
ecologically richer areas of greater population 
density. The Sadlermiut, numbering less than 70, 
became extinct as an isolate in the spring of 
1903. The best comparable data is that of Un- 
alaska Aleuts reported in 1840 by I. Veniaminoff 
in which he gives the age at death of 491 Aleuts. 
The maximum age at death among the Sadlermiut 
appears to have been 45 years. Among the Aleuts, 
in marked contrast, the maximum age at death 
was between 90 and 100. There is a mean dif- 
ference in age at death for adults of approxi- 
mately 15 years. Infants and children to 4 years 
of age comprise some 45 per cent of the Sadler- 
miut series of 136 individuals, contrasted with 
20 per cent of the Aleut series. It is concluded 
that age and sex composition in extinct isolates 
contributes to understanding genetic differences 
among contemporary members of the Eskimo- 
Aleut stock. 

Skeletal material recovered by the University 
of Wisconsin field party in the summer of 1959; 
this and subsequent analysis is supported by the 
National Institutes of Health (RG-6321). 


51. Pelvic ossification and dentition in the 
Sadlermiut Eskimos. William H. Wilson, Charles 
F. Merbs and W. S. Laughlin, Department of 
Anthropology, University of Wisconsin. 

The skeletal material utilized in this study is 
that of the Sadlermiut Eskimos of Native Point, 
Southampton Is., N.W.T., Canada. Only those 
that could be aged and sexed with a high degree 
of probity were used. The pubic symphysis, endo- 
cranial suture closure, and dentition were em- 
ployed to estimate skeletal age. The pelvis and 
cranium were used to determine sex. The ma- 
terial thus obtained consisted of 143 individuals, 
broken down as follows: adults 69 (29 males, 
40 females); adolescents and children 13; infants 
61. 

No significant difference could be found be- 
tween adult males and females for age of death, 
with means for both centering on 35 years. The 
most significant feature of the population profile 
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is the abundance of infants and the deficiency of 
adolescents and children. 

The pelvic ossification of adolescents, children, 
and young adults showed a uniform retardation 
in the pubic-ilium element, which was not fused 
as late as 27 years in one case. 

The dentition revealed a high frequency of 
early tooth loss, abscesses, dry sockets, and senile 
atrophy of the mandible. However attrition was 
at a minimum and dental caries were rare. A 
detailed analysis of dental emergence and pelvic 
ossification will be discussed. 

Skeletal material recovered by the University 
of Wisconsin field party in the summer of 1959; 
this and subsequent analysis is supported by the 
National Institutes of Health grant RG-6321. 


52. The vertebral column of the Sadlermiut 
Eskimos. Charles F. Merbs, W. H. Wilson and 
W.S. Laughlin, Department of Anthropology, Uni- 
versity of Wisconsin. 


The collection of 63 adult (28 males, 35 fe- 
males) and 8 adolescent vertebral columns used 
for this study are those of the Sadlermiut Eskimos 
recovered from Native Point, Southampton Island, 
N.W.T., Canada. The columns were grouped ac- 
cording to age as determined by the pubic symph- 
ysis, endocranial suture closure, epiphyseal union, 
and dentition; according to sex as determined by 
the pelvis; and into three successive series indi- 
cated by the archeological evidence. 

The presence and intensities of certain anom- 
alies and pathologies were plotted against age, 
and were recorded along with the numbers of 
vertebrae and sacral measurements. 

Some of the characteristics found were nu- 
merical variations, spina bifida, spondyloschisis, 
vertebral fusion, incomplete centra, osteoarthritis, 
and osteophytosis. 

Of particular interest was the high incidence 
of spondyloschisis found in 32% of males and 
14% of females. The modal type of sacrum, 
found in 47% of the columns, was composed of 
5 sacral units and a fused coccygeal unit. The 
hiatus of the sacral canal was correspondingly 
one unit larger in this sacrum. Osteophytosis was 
present in 75% of the columns occurring with 
greater frequency among the males, especially 
in the cervical and lumbar areas. 

Etiology will be discussed and comparisons 
made with other groups with special emphasis on 
the Alaskan Eskimo samples. 

Skeletal material recovered by the University 
of Wisconsin field party in the summer of 1959; 
this and subsequent analysis is supported by the 
National Institutes of Health grant RG-6321. 


53. Parental body build and the developmental 
progress of the offspring. Stanley M. Garn, Lina 
Landkof and Arthur K. Clark, Fels Research In- 
stitute. 

Differences in growth rate and maturational 
progress have been reported for adolescents dif- 
fering in body build. However inevitable prob- 
lems of body “typing” and the obvious confusion 
between maturational status and body build have 
obscured the meaning. 
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In the present study the parental mating pheno- 
types LL and SS were set up, using the bony 
chest breadth as measured on radiographs as a 
highly reliable measure of the fat-free mass. 
Approximately 90 offspring of LL and SS mating 
phenotypes were then compared as to growth, 
maturation and motoric development over a 17- 
year period. 

For both sexes children of LL parents were 
longer during the growing period (without re- 
versal in trend) and the weights of the two 
groups were markedly different, approximating 
1 SD from ages 1 year through 16. Children of 
the LL parents were similarly advanced in the 
number of carpal centers at 1.5 and 3.0 years, in 
completion of carpal centers and bone age 
(Greulich and Pyle) at 11.0 years. 

Advancement in motoric development was 
shown by the consistent tendency of the LL chil- 
dren to score higher in Gesell items at 6, 12 and 
18 months, Merrill-Palmer scores at 18 and 24 
months and in the early Stanford-Binet scores. 

The evidence would suggest that preselection 
of parental mating phenotype is associated with 
a marked difference in the growth pattern of the 
offspring including not only size progress but 
also those aspects of motoric development cor- 
related with developmental advancement and 
greater muscle mass. 

Supported in part by grant M-1260 from the 
National Institutes of Health. 


54. Limitations of the number of hand-wrist 
ossification centers as an indication of develop- 
mental status. Christabel Rohmann and Stanley 
M. Garn, Fels Research Institute. 


The number of hand-wrist ossification centers 
present at a given age is utilized directly or in- 
directly as a measure of maturation in numerous 
systems. Implicit in such uses are assumptions of 
predictability and reliability, and the further ex- 
pectation that hand-wrist ossification centers are 
representative of the body as a whole. 

With limited variability in the number of cen- 
ters prior to the first year and after the third, a 
hand-wrist count has useful meaning only from 
1.5 through 3.0 years of age. Moreover, inter- 
correlations involving the number of hand-wrist 
centers at various ages are relatively low, aver- 
aging from 0.4 to 0.7 over a two-year interval. 

While the hand does not predict itself ade- 
quately over more than one year period, correla- 
tions between the number of hand-wrist centers 
and the rest of the body are similarly modest, 
averaging 0.3 to 0.5 from two through 6 years of 
age. Although the hand is thus not necessarily 
representative of the body, the data do not indi- 
cate whether it is more or less useful than the 
remaining centers as a maturational indicator. 

Since the carpal centers are non-contributory 
to prediction, improvement could be effected by 
limiting the count to selected metacarpal and 
phalangeal nuclei. Nevertheless, the low inter- 
relations and abberant sequences of ossification 
limit the utility of methods that depend upon the 
presence or absence of centers, the center with 
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the highest age equivalent, or a system involving | 
arbitrary weighting. 

Supported in part by Grant A-3816 from the } 
National Institutes of Health. 


55. Tendinitis; with special reference to the) 
shoulder. Beckett Howorth, Stamford, Conn. 


Tendinitis is a common affliction of man, and) 
has been known for a hundred years. The 
shoulder is most often affected, but the elbow, 
wrist, or other areas may be involved, and mul- 
tiple involvement sometimes occurs. 


adult shoulder in the United States. How com-| 
mon is it in other civilized regions, in primitive 
man or in man with primitive occupations, has 
it always been an affliction of man, and does it) 
affect animals? 

The anatomy and pathology of the lesion are 
described. Sometimes calcific deposits occur, 
especially at the shoulder. The symptoms, signs, 
stages and course of the disease, and its roent- 9) 
genographic findings are reported. Treatment is j) 
mentioned briefly. 


56. Uterogestation, headsize, and exterogesta- 
tion in man. Ashley Montagu, Princeton, N. J. 


The headsize of Homo sapiens at term is such | 
that it has reached its maximum limit consonant 
with being able to pass through the birth canal. 
As it is that size constitutes a hazard in many 
cases. The fetus must therefore be born when 
its head has attained the limit of size. It is born 
in an extremely immature condition, and will 
take 8 to 10 months before it can even crawl. It 
is suggested that the traditional notion of the 
gestation period as terminating at birth is a 
calendric and unbiological interpretation of the 
facts, and that birth constitutes the bridge be- 
tween gestation within the womb and gestation 
continued for about 8 to 10 months outside the 
womb. 


57. Influence of the survival of the Linnaean 
fallacy on the classification of human races. Leo 
A. Estel, Department of Sociology and Anthro- 
pology, The Ohio State University. 


In general usage the idea of race in man is a 
slight modification of the scheme of classification 
proposed by Linnaeus in his “Systema Naturae.” 
The white race (Caucasoid): the yellow race 
(Mongoloid): the black race (Negroid): some- 
times added the australian race (Australoid): 
with less frequency red race (American Indian) 
and the brown race. Within any one of these 
so-called races the biological variation is very 
much greater than among the archetypes or ideal 
types set up to typify the various races. 

At the time of Linnaeus the amount of factual 
data available was inadequate and he was forced 
to reply to a great extent on tales told by travelers. 
His system of classification was archetypal and 
not phylogenetic. The scheme was based on the 
idea of special creation. The idea of organic 
evolution was not acceptable. 


This is the J 
most frequent cause of pain and disability in the |j} 
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At the time of Linnaeus the idea of the “Scala 
Naturae” or Great Chain of Being was in force. 
This arraigned all forms of life on a scale of 
creation with a value connotation. While this 
value scheme was not an implicit part of the 
Linnaean scheme of classification the connection 
was soon made. 

As a result we have a value scheme of races 
based on completely inadequate data and knowl- 
edge. In spite of the advances in knowledge 
achieved by modern scientific endeavor the fal- 
lacious scheme of Linnaeus is still a major force 
in modern thinking on race and the imposition 
of the value scale of the “Scala Naturae” is re- 
sponsible for a great amount of conflict and ten- 
sion between nations and within national boun- 
daries. 


58. Comparative anatomy of the posterior as- 
pect of the knee joint. Emanuel B. Kaplan, De- 
partment of Anatomy, College of Physicians and 
Surgeons, Columbia University. 


The structures of the posterior aspect of the 
knee joint were compared in a prosimian repre- 
sented by a brown lemur, Rhesus, gibbon, chim- 
panzee and man. This was supplemented by a 
study of the posterior aspect of a monotreme 
represented by an oranithorrhyrunchus, mar- 
supial, machropus and carnivora: cat, lion cub 
and American bear. 

The study was concerned with the capsular 
structures of the posterior aspect of the knee in 
relation to the gastrocnemii and the popliteus in 
their role of function of the knee joint. The pres- 
ence and absence of the sesamoids in different 
species were noted. The role of the collateral 
ligament was studied in relation to the erect 
position of the lower extremities. A special struc- 
ture near the fabello-fibular ligament present in 
men and its significance was described. 


59. Artificial thickening of bones and the 
Piltdown skull. Ashley Montagu, Princeton, N. J. 


Suspecting that the thickness of the Piltdown 
cranial bones had also been faked, an attempt 
was made to artificially thicken the perfectly 
normal skullcap bones of a human male adult, 
deceased some thirty years ago. For this purpose 
part of the skullcap was immersed in a solution 
of potassium hydroxide (41% ounces of potassium 
hydroxide in 36 ounces of tap water). Less than 
4 days from the immersion the bone swelled very 
markedly in thickness. The bone was so softened 
that a large part of it detached itself from the 
main portion. Since the experiment has just 
been concluded it is not possible to provide exact 
measurements, but quite clearly the thickness has 
increased by more than half again. It is suggested 
that the thick skullcap bones of the Piltdown 
skull were produced by some such means as the 
above. 


105 


60. The morphologic variation of the supra- 
mastoid crest and tubercles. Teuku Jacob, Depart- 
ment of Anatomy, Howard University. 


No abstract. 


61. The geographical and ecological history of 
New World primates. William E. Edwards, Uni- 
versity of South Carolina and University of Chi- 
cago. 


In the terminal Oligocene or earliest Miocene, 
grasses originating in the central Eastern Hemi- 
sphere spread to the south from northern North 
America with associated fauna. Regardless of 
immediately prior distribution, all American 
lemuroids and tarsioids (already geographically 
and phylogenetically reduced) were rapidly re- 
stricted to tropical forest. Larger land mass and 
population for the grassland fauna in time made 
possible further adaptive radiations, perhaps by 
the middle Miocene, thereby extinguishing re- 
maining primates. 

Between the middle Eocene and this extinction 
time, however, pre-platyrrhines had initiated cross- 
ing by natural raft to South America, probably 
via widely spaced islands. These migrants (prob- 
ably only one group) likely did not arrive until 
the early or middle Miocene, despite the Argen- 
tinian discovery of a supposed late Oligocene 
hapaloid. About First Glaciation times, the halves 
of the Western Hemisphere were rejoined, after a 
70,000,000-year or longer separation; some platyr- 
rhines then contracted geographically and nu- 
merically, while others spread as far north as 
southern Mexico. 

The long-preplexing phenomenon of absence of 
grassland primates in South America is thus 
probably best explained by arrival after grass- 
lands and indigenous faunal preoccupation and 
adaptation. Possibly, however, grassland primates 
occurred but were extinguished during the Pleisto- 
cene by more efficient predators or competitors 
of North American derivation. 


62. Sprengel’s deformity: a landmark on the 
path of human evolution. Robert J. Terry, De- 
partment of Anatomy, Washington University 
School of Medicine, St. Louis. 


(Read by title.) 


63. Phylogeny of some structures in the hu- 
man brain. Charles R. Noback, Department of 
Anatomy, College of Physicians and Surgeons, 
Columbia University. 


(Read by title.) 
BENEFACTORS 


Wenner-Gren Foundation 
for Anthropological Research, Inc. 


The Wistar Institute 
of Anatomy and Biology 
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The Skin of Primates 


V. THE SKIN OF THE BLACK LEMUR (LEMUR MACACO )' 


WILLIAM MONTAGNA, KENJIRO YASUDA anp RICHARD A. ELLIS 
Arnold Biological Laboratory, Brown University, Providence, Rhode Island 


A few authors have published notes on 
the hair and the cutaneous glands of le- 
murs (de Meigere, 1894; Sutton, 1887; 
Pocock, *18; Schwalbe, *10), but no one 
has studied the entire skin. In this paper 
we describe the skin of the black lemur, 
which, although somewhat resembling that 
of the Lorisoidea, also has many striking 
peculiarities. 

In our studies on the comparative anat- 
omy and the comparative histochemistry 
of the skin of primates, we realize that we 
can only survey briefly the skin of the 
principal genera. The skin of each animal 
is often enormously different, and to study 
each species thoroughly would require 
much time. We hope, therefore, that these 
studies will interest others who may want 
to follow in greater detail some of the leads 
presented here. 


MATERIAL AND METHODS 


This study is based on a single, healthy 
adult male, which had sired at least one 
normal offspring in the New York Zoo- 
logical Garden. Specimens of skin from 
nearly all representative regions of the 
body were removed while the animal was 
in deep anesthesia. 

Paraffin sections of tissues fixed in 
Helly’s fluid and in 10% formalin were 
stained with hematoxylin and eosin, tolui- 
din blue buffered to pH 4.5 (Montagna et 
al., 51), and the PAS technique for the 
demonstration of glycogen and other car- 
bohydrates; control sections for glycogen 
were digested with saliva before they were 
treated with the PAS technique. Amylo- 
phosphorylase activity, cytochrome oxi- 
dase, monoamine oxidase, and succinic de- 
hydrogenase activity were demonstrated in 
frozen sections of unfixed tissues, using re- 
spectively the methods of Takeuchi and 
Kuriaki (55), Burstone (59, ’60), Glen- 


ner et al. (57), and Farber and Louviere 
(56). The following enzymes were stud- 
ied in frozen sections of tissues fixed briefly 
in chilled 10% formalin; alkaline phos- 
phatase (Gomori, 52); acid phosphatase 
(Rutenburg and Seligman, ’55); nonspe- 
cific esterases (Pearse, 53); tween esterase 
or lipase (Stowell and Lee, ’50); acetyl- 
cholinesterase and_ butyrylcholinesterase 
(Montagna and Ellis, 57). Total lipids 
were colored with Sudan black B, or Sudan 
VIII B, in frozen sections of tissues fixed in 
formal calcium. Cholesterol and choles- 
terol esters were studied in sections of tis- 
sues fixed in 80% alcohol saturated with 
digitonin. Some sections were observed 
under polarized light, others were treated 
with the Schultz test; both were compared 
with acetone-extracted controls. 


GENERAL DESCRIPTION 


None of the observations we have made 
on the living animal adds to those of Hill 
(53). Our animal thrived on a varied 
diet of fruit, milk, cereals, and canned 
dog meat, supplemented with vitamins. 
Its only vocal expressions were guttural 
grunts emitted when contented, anxious, 
or alarmed; when handled forcibly it 
screamed. The animal had a rich black 
pelage; its only peculiarity was the color 
of its eyes, one of which was yellow, the 
other dark brown. The skin of its belly 
had a series of deep, parallel transverse 
folds; similar, but smaller folds were found 
on the sacral region at the base of the tail. 

The pelage was woolly, with a scant pop- 
ulation of longer guard hairs. Thick and 
relatively short vibrissae were found on 
the lips and on the supraorbital skin. Tufts 


1 This work was supported by grants from the 
United States Public Health Service (RG-2125 
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Fig. 1 Portrait of the black lemur studied in this investigation. 


of longer ones grew from two cheek nevi 
and from a large nevus on the distal flexor 
surface of each forearm, proximal to the 
carpus (Gigs, 1-2.). 


The epidermis 


The epidermis is thickest on the muzzle 
and face, the carpal, scrotal, and perianal 
regions. All basal cells have visible cyto- 
plasmic denticles that grow into the der- 
mis. The spinous layer is three or more 
cells deep; the stratum granulosum, when 
present in the thicker epidermis, is usually 
one cell deep and discontinuous. The rela- 
tively thick stratum corneum has a com- 
pact lower portion and a flaky upper por- 
tion. The epidermis of the palms and soles 
is not sufficiently different from that of 
other primates to be described separately. 


Although the skin of the clipped, intact 


animal was black, the epidermis contains | 


surprisingly little pigment. A few dendritic 
melanocytes may be found everywhere be- 


tween the basal cells, with more of them | 
concentrated in the epidermis around the | 


orifices of the pilary canals. The popula- 
tion of melanocytes is largest in the epi- 


dermis of the muzzle and face, the eyelids, J 
the scrotum, the entire perianal skin, and 


the palms and soles, where even the stra- 
tum corneum contains melanin granules, 

There is no glycogen in the general epi- 
dermis, except for traces in the cells of the 


mid-spinous layer of the epidermis around | 


the pilary orifices. The periductal epider- 
mal cells in the palms and soles always 
contain some glycogen. 
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A few perinuclear lipid granules, color- 
able with Sudan black, are found in basal 
and spinous cells. The stratum corneum 
everywhere is intensely sudanophil, even 
in the palms and soles. 

There is practically no amylophosphory- 
lase in the general surface epidermis; 
scant activity is present in the rete ridges 
in the palms and soles (fig. 10). The epi- 
dermis has a weak cytochrome oxidase 
reaction, strong succinic dehydrogenase 
and monoamine oxidase activity, and no 
alkaline phosphatase. The general body 


epidermis has moderate to strong acid 


phosphatase reaction in the spinous layer 
and a weak reaction in the stratum cor- 
neum; in the palms and soles, the upper 
portion of the spinous layer has a stronger 
reaction than the lower portion. The dis- 
tribution of alpha naphthol esterase, naph- 
thol AS-esterase, and tween esterase is 
weak to moderate in the malpighian layer 
and weak in the stratum corneum. 


The dermis 


The thick dermis has no recognizable 
papillary body. Only a weakly PAS-posi- 
tive basement membrane separates the 
basal cells from the subjacent reticular 
layer. The dermis consists of alternating 
layers of longitudinally and perpendicu- 
larly arranged collagenous fibers, the lon- 
gitudinal layers being thinner than the 
perpendicular ones. Fibroblasts are num- 
erous throughout the dermis. Blood ves- 
sels and cutaneous appendages are al- 
most in direct contact with the tissue of 
the reticular layer, there being practically 
no areolar tissue around them. 

The hypodermal layer of white fat is 
thickest in the scapular and sternal re- 
gions. An extensive panniculus carnosus, 
well developed over the back and on the 
flanks, covers nearly the entire animal. 

Variable numbers of bipolar and multi- 
polar melanocytes are scattered in the der- 
mis of the head only. Melanocytes are 
particularly numerous in the perivascular 
and perineural tissues of the eyelids, 
where they extend even to the ciliary mus- 
cles. They are also copious in the lips, 
cheeks, alae of the nose, and the nevi on 
the sides of the face, where they extend 
even to the perivascular and perineural 
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connective tissue of the subcutaneous fat 
and of the facial musculature. In these re- 
gions, with the exception of mast cells, 
every cell in the dermis contains melanin. 
Every blood vessel and every nerve in the 
scalp, regardless of size, is surrounded by 
melanocytes (fig. 8). Even the periosteum 
and the osseous tissue of the nasal, frontal, 
parietal, and temporal bones contain me- 
lanocytes. The general body skin else- 
where has no obvious populations of der- 
mal melanocytes. 

The dermis contains many blood ves- 
sels, but few discernible superficial capil- 
laries. Most of the superficial vessels have 
the typical large, uneven bore of veins, 
even in the dermal papillae of the palms 
and soles. The larger cutaneous vessels 
have some amylophosphorylase activity in 
their smooth muscle cells. The superficial 
vessels in the palms and soles have a dif- 
fuse alkaline phosphatase reaction, but 
nowhere is there a reactivity in the endo- 
thelium. 

The pleomorphic mast cells are particu- 
larly numerous in the skin of the face, lips, 
and eyelids. They have metachromatically 
staining granules embedded in a cyto- 
plasm that stains a homogeneous meta- 
chromatic color. Both cytoplasm and gran- 
ules are weakly PAS positive. 

Very few nerves in the dermis have a 
reaction for either specific or pseudocho- 
linesterase. There is no dermal nerve net 
reactive for cholinesterase such as that 
found in the lorisoids (Montagna and Ellis, 
°60; Montagna et al., 60), and there are 
no cholinesterase reactive nerves around 
the cutaneous appendages. The very round 
Meissner corpuscles in the palms and soles, 
and the end-organs at the mucocutaneous 
junctions and around the genitalia both 
contain pseudocholinesterase, but the 
nerves emerging from them do not. These 
end-organs also contain alpha napthol 
esterase, but they contain none of the other 
enzymes that we have studied. The pacin- 
ian corpuscles contain none of these en- 
zymes. Similarly, there are no cholinester- 
ase-containing nerves in the skin of the 
scrotum, perianal region, and genitalia. 

The numerous fibroblasts in the reticu- 
lar layer have moderate reactions for suc- 
cinic dehydrogenase, monoamine oxidase, 
and nonspecific esterases. 
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The hair follicles 


Hair follicles grow in islands of 6 to 14, 
with some containing more (fig. 4). All of 
the cutaneous appendages grow within 
these islands, the skin between them being 
glabrous. Each group consists of follicles 
of guard hairs, usually active, and follicles 
of wool, or underhair, usually quiescent. 
The ratio of wool follicles to guard hair 
follicles is about 3 or 4 to one; on the 
scalp it is about two to one. The orifices 
of all the follicles in a single island open 
into a shallow depression on the surface 
of the skin, similar in arrangement to that 
in the skin of the potto (Montagna and 
Ellis, 59), and the chinchilla (Wilcox, 
50). The ducts of the sebaceous glands 
and those of the sweat glands open di- 
rectly to the surface between the orifices 
of the pilary canals. 

All hairs have a large medulla, broken 
at intervals by air spaces, like those of the 
lorisidae. Both cortex and medulla are 
heavily pigmented. The hairs in quiescent 
hair follicles have a club that is free of 
pigment, as is also the thinner, nonmedul- 
lated hair shaft that extends from the club 
to the surface of the skin. Quiescent fol- 
licles are less than one-third the length of 
active ones, and each contains only one 
acuminate club hair. The clubs, therefore, 
are cast off when the follicles become ac- 
tive. 

The follicles resemble those of other 
lemuroids, but they have singular pecu- 
liarities. None of the follicles, except 
those of the vibrissae, has sebaceous 
glands, and none of the follicles, except 
those of the tail, has well developed ar- 
rectores pilorum muscles. Hair follicles are 
rich in pigment. Active ones have melano- 
cytes in the outer root sheath, all through 
the upper part of the bulb, and even in the 
dermal papilla. Quiescent follicles have 
pigment in the pilary canal, the epithelial 
capsule around the hair ciub, the hair 
germi, and the dermal papilla. Other than 
these differences, the general histological 
and histochemical attributes of the hair 
follicles are similar to those of the lori- 
soids (Montagna and Ellis, ’59, °60; Mon- 
tagna et al., 60). 

The distribution of glycogen in active 
follicles resembles that in the follicles of 
other primates. In quiescent follicles it is 
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concentrated in the cells of the epithelial 
capsule. | 
In active follicles, amylophosphorylaséj 
activity extends from the bottom of thefj 
pilary canal to the upper part of the bulb) 
where it disappears abruptly. In quiescent ! 
follicles, intense enzyme activity is limited] 
to the cells of the epithelial capsule around | 
the hair club. Only the dermal papilla of | 
either active or quiescent follicles shows] 
alkaline phosphatase; none of the blood] 
vessels around them shows a reaction.} 
There are no nerves around the hair fol-§ 
licles that have a reaction for cholines-] 
terases; even the nerves around the sinusf} 
hair follicles show no reaction. The distri-]} 
bution of the other enzymes we have stud-]) 
ied is like that reported in the hair follicles | 
of other primates. 
One of the peculiar external features of" 
the black lemur is the tuft of stiff bristles] 
growing over a darkly pigmented nevus on) 
the flexor side of the forearm (figs 1, 2).\8) 
Sutton (1887) described tufts of hair sur- 
rounded by many glands on the carpal re-|) 
gion of Lemur catta, and assumed that! 
Lemur macaco also possessed such gland- 
ular accumulation. Actually, these hairs} 
are vibrissae that grow from typical sinus 
hair follicles (Pocock, ’18; Hill Sp. with | 
no glands around them (fig. 3). 1 | 


| 
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The sebaceous glands 


The sebaceous glands of the black le- 
mur have several unique features. Large 
and numerous everywhere, they are larg- 
est in the scalp (fig. 5), the scrotum (fig. 
6), and the entire perianal region, where, 
deep in the dermis, they crowd out the 
other cutaneous appendages. There are 
two morphologically distinct sebaceous 
glands. Over most of the body skin the | 
glands have a single, balloon-like, round or 
oval acinus with a duct that extends from 
the center of the acinus to the surface. 
The duct opens directly to the surface near, 
but not inside a pilary canal. The terminal 
segment of the duct is tortuous and oc-. 
casionally helical; the lumen, often fes- 
tooned with epithelial folds, is packed with | 
dark brown or black sebum (figs. 5, 6,8). |i 
This color begins abruptly in the center of | 
the gland and does not develop gradually ] 
from the periphery. Sebaceous degenera- ] 
tion in the center of the acini is slow and | 
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breakdown of mature sebaceous cells is 


/not conspicuous. Intact, but mature, cells 
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are often found near the periphery of the 
acini, and a single layer of flattened undif- 
ferentiated cells surrounds each acinus. 
Scattered between sebaceous cells are den- 
dritic melanocytes, and each sebaceous 


‘ly cell contains some melanin granules. Deli- 


cate dendritic melanocytes are also found 


\ between the cells of the duct, particularly 
‘Vin the basal portion. The duct is fairly 
/ straight, its lumen is often tortuous, and is 
| about two layers of cells thick (figs. 5, 6, 8). 


A second type of sebaceous gland re- 
sembles the glands in other mammals. 
These are large and have several acini, 
the ducts of which converge toward one 
large excretory duct that opens directly 
onto the surface of the skin (fig. 7). The 
sebaceous cells undergo a progressive ma- 
turation from the periphery to the center 
of the acini, as those in the glands of other 
mammals do. The acini contain visible 
decaying cells and abundant sebum. 
There are no melanocytes between the 
sebaceous cells and the sebum is never 
brown or black. This more typical seba- 
ceous gland is found only in the skin of the 
lips, the face, the scrotum, and the peri- 
anal region. 

The sebaceous glands of sinus hair fol- 
licles open into the pilary canal and con- 
stitute a third type of gland similar to 


| those of other mammals. 


When colored with Sudan black, the se- 
quence of sebaceous maturation can be 


_ traced much more clearly in the multiple 


acinar glands than in the single acinar 


. ones. In the single acinar glands nearly 
, all of their cells may be laden with lipid, 


although none may be undergoing decay. 


_ The sebum, whether pigmented or not, is 


always deeply sudanophilic. 
None of the sebaceous glands over the 
general body surface contains glycogen. 


_ The differentiating peripheral cells in the 
_ glands of the perianal region and the scro- 


tum, however, have a small amount of gly- 


_cogen. The ducts of the uniacinar glands 


have a trace of glycogen only in the deeper 
portion. The ducts of the multiacinar 


glands often have glycogen. 


There is some amylophosphorylase ac- 
tivity only at the periphery of the acini of 
the glands in the scrotum and in the peri- 


ire 


anal region. The ducts of these glands 
also have some enzyme activity. The uni- 
acinar glands have amylophosphorylase 
only in the deeper portion of the duct. 

All glands have a moderate acid phos- 
phatase activity, more intense in the multi- 
lobulated glands of the scrotum and peri- 
anal region than in the uniacinar glands 
elsewhere. The ducts have a greater con- 
centration of enzyme than the glands do. 
The peripheral cells in all sebaceous glands 
have intense cytochrome oxidase, succinic 
dehydrogenase and monoamine oxidase ac- 
tivities; the center of the acini has scant or 
no reaction and the ducts have a weak to 
moderate reaction. 

The alpha naphthol esterase reaction is 
moderate to strong in the periphery of the 
acini of the single acinar glands and their 
ducts; the center of the acini shows prac- 
tically no reaction. The multilobulated 
glands have a weaker reaction. The dis- 
tribution of AS naphthol esterase in the 
uniacinar glands is essentially the same 
as that of alpha napthol esterase. The 
multilobulated glands have a stronger AS 
esterase reaction throughout the acini and 
even the sebum is intensely reactive. All 
sebaceous glands exhibit tween esterase 
activity at the periphery of the acini; the 
center of the acini and the sebum have 
practically no activity and the sebum is 
negative. None of the glands, not even the 
meibomian glands, is surrounded by cho- 
linesterase-containing nerves. 

Only a few of the mature cells in the 
uniacinar glands over the general body 
surface have some alkaline phosphatase 
reaction; the peripheral cells have none. 
In the multiacinar glands of the lips, the 
cells undergoing sebaceous transforma- 
tion have abundant alkaline phosphatase, 
but in the large, multiacinar glands in the 
scrotum and perianal region, all of the 
acini have intense enzyme activity (fig. 7). 
None of the sebaceous glands is sur- 
rounded by capillaries lined with a phos- 
phatase-rich endothelium. 


The sweat glands on the general 
body surface 


Only one sweat gland, apparently apo- 
crine, is associated with each hair group 
(fig. 5). The glands are different over the 
various regions of the body. The dilated, 
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slightly coiled, simple tubular glands open 
to the surface of the skin through a long, 
very narrow duct (fig. 5). The terminal 
segment of the duct near its orifice is cone- 
shaped, and its lumen is thrown into folds. 
The diameter of the terminal part of the 
duct is relatively large; it is very narrow 
as it traverses the dermis and again dilated, 
and with a tortuous lumen, before it joins 
the secretory coil. The duct consists of two 
or three layers of flat cuboidal cells, the 
luminal ones having a slight cuticular free 
edge. The secretory cells commence ab- 
ruptly; they are columnar or cuboidal, de- 
pending upon the state of dilation of the 
tubule. The free cytoplasmic border of the 
same secretory cells may occasionally pro- 
trude into the lumen. The cytoplasm of 
the apocrine cells contains variable quan- 
tities of perinuclear yellow or orange pig- 
mented granules. The cytoplasm stains a 
homogeneous basophil color around the 
nucleus, but has a dense stippling of baso- 
phil granules above it. 

The apical cytoplasm often stains a 
slight metachromatic color with toluidin 
blue. The lumen of some glands contains 
clear or flocculent materials which stain 
metachromatically. The myoepithelial cells 
that surround the secretory segment are 
very small. 

Apocrine glands are more numerous 
and apparently more active in the skin of 
the face and lips. They are larger still in 
the skin of the scrotum and in that of the 
perianal region, where they are inter- 
mingled with the large sebaceous glands. 

The granules in the cytoplasm, pig- 
mented or not, are PAS-reactive (fig. 9). The 
cells also contain diffuse small amounts 
of glycogen. The glands have no conspicu- 
ous sudanophil substances. The cells are 
moderately reactive for cytochrome oxi- 
dase and are rich in succinic dehydro- 
genase and monoamine oxidase; the ducts 
have only traces of these enzymes. The 
ducts have appreciable amounts of amylo- 
phosphorylase, but the secretory epithe- 
lium has none. The apical portion of the 
secretory cells and the luminal cells in the 
duct have alkaline phosphatase activity. 
No blood vessels with a phosphatase-rich 
endothelium surround the glands. The 
secretory cells have a moderate to weak 
acid phosphatase reaction, but the cells of 


| 
| 


the duct have none. The secretory seg} 
ment of the glands on the scrotum ane 
face have a strong alpha naphthol esteras 
reaction; those elsewhere have a less inj 
tense activity; the duct is never reactive 
The glands of the lips, scrotum, and peri- 
anal regions have a strong naphthol AS 
acetate esterase reaction; those elsewhere 
have a weaker reaction. The ducts show) 
no enzyme. The distribution of tween es- 
terase is identical with that of AS esterase.}} 
There are no cholinesterases in the epithe- | 
lial cells of the glands and no cholinester-}} 
ase-containing nerves around the glands.} 


The glands of the volar surfaces of 
the hands and feet 


Sweat glands are most numerous in the 
ball of the fingers. They are slightly con- 
voluted glands and rest deep in the fatty} 
pad. The intraepidermal portion of the 
duct of the glands is tightly coiled. AL 
though the intraepidermal part of the duct 
is non-pigmented, the part that traverses|f, 
the dermis contains small melanocytes | 
along nearly its entire length. The transi- 
tion between the duct and the secretory | 
segment is abrupt. The duct is composed) 
of two layers of low cuboidal cells, those} 
near the surface being partially hyalinized. | 

The single row of secretory cells is so| 
crowded that it simulates a double row of 
small and large cuboidal or pyriform cells; | 
all of the cells, however, are of one type. | 
Stained with toluidin blue, the cells have 
a slightly basophil cytoplasm with fine 
metachromatic granules in the supranu- 
clear mass. Two or more coarse, yellow 
pigment granules near the nucleus stain 
a greenish color with toluidin blue. The | 
deeply basophil, round nuclei have one or 9 
more nucleoli. Clefts between the cells | 
outline simple intercellular canaliculi. The 
myoepithelial cells around the epithelial 
cells are very large. 

The duct, except for traces in the basal 
cells, is free of glycogen. The secretory 
cells contain three PAS-positive elements: 
(a) some glycogen, diffusely distributed ] 
in the cytoplasm, often piled up against } 
the walls of the intercellular canaliculi; 
(b) pigmented granules strongly PAS-posi- } 
tive even after digestion with saliva; (c) | 
numerous PAS-positive, nonglycogen gran- 
ules crowded in the supranuclear cyto- 
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‘plasm, and even free with the lumen. The 
‘/basement membrane has a thin, intensely 
PAS-positive inner layer that follows every 
| ae of the myoepithelial cells and an 
jouter, thick, hyalin, probably collagenic 
‘ layer, that is only slightly PAS-reactive. 

' A diffuse sudanophilia at the apices of 
“/ the secretory cells represents the only de- 
“!monstrable lipid substance. 

‘The entire gland is reactive for amylo- 
‘phosphorylase (fig. 10). Cytochrome oxi- 
dase, succinic dehydrogenase, and mono- 
“| amine oxidase show strong activity in the 
‘} secretory coil but little or none in the duct. 
__ Alkaline phosphatase is localized only 
| in the intercellular canaliculi of the gland 
| (fig. 11). A few, very slightly reactive 
1} capillaries can sometimes be found near 
)| the secretory coils. The glands have mod- 
j} erate to strong acid phosphatase activity. 
i, Alpha naphthol esterase activity is par- 
|) ticularly strong in the secretory cells and 
| in the intraepidermal portion of the duct. 
‘, AS naphthol esterase is weakly distributed 
‘) throughout the gland. The secretory coil 
'} has a conspicuous concentration of tween 
jy esterase. The basal part of the secretory 
‘cells and the myoepithelial cells give a 
», strong acetyl and butyrylcholinesterase re- 
| action. There are no nerves reactive for 
| cholinesterase around the coils of the 
} glands. 


DISCUSSION 


The skin of the black lemur has many 
» peculiarities, and is distinctly different 
| from the skin of the other mammals we 
) have studied. 
_ All cutaneous appendages are found 
| within the confines of islands of hair fol- 
) licles as in the skin of the lorisoids. These 
islands, then, are the foci from which hair 
follicles, sebaceous glands, and sweat 
glands develop. Such intimate association 
of all cutaneous appendages suggests that 
_they may have a common origin and that 
' the skin of the lemur could be considered 
_to be primitive. 
| The arrangement of hair follicles is 
‘largely like that found in the lorisoids. In 
_an attempt to relate the growth of hair fol- 
_licles to that of ancestral scales, de Meijere 
(1894) described the follicles of the le- 
mur growing in groups of three. He erred, 
however, since follicles grow in large 


groups or islands, always including some 
guard hairs and variable numbers of wool 
hairs. A grouping of follicles in large 
clusters of inconstant numbers seem to be 
a generalized feature. 

The hair follicles of the black lemur 
have two striking peculiarities; most of 
them have no arrectores pilorum muscles, 
and with the exception of sinus follicles, 
they are all free of sebaceous glands. It 
remains to be seen if these, as well as 
other idiosyncrasies described herein, are 
also found in the skin of other Lemuridae. 

The most striking departure from the 
usual condition in the skin of other mam- 
mals is in the sebaceous glands. The two 
types of glands, single acinar and multiple 
acinar, are found in separate sites, the 
multiacinar ones being on the face and 
lips, the scrotum, and the perianal region, 
the single acinar ones everywhere else. 
The single acinar glands have long tortu- 
ous ducts that open to the surface near 
the pilary canals. The presence of melano- 
cytes between the sebaceous cells, pig- 
ment granules inside the sebaceous cells, 
and the black or brown color of the sebum 
make the glands enormously interesting. 
The color of the sebum is not extracted 
with organic solvents; it is bleached by 
10% hydrogen peroxide, is stained a deep 
blue with the ferric ferrocyanide reduc- 
tion test (Lillie, 54), and may contain 
melanin. Yet, there are not enough mela- 
nocytes to account for such intense pig- 
mentation and there is no gradual increase 
in the intensity of the coloration in the 
sebum from the periphery to the center of 
the acinus. Actually, the mature sebace- 
ous cells, before they break down, have 
only a few pigment granules. Thus, in 
spite of the apparent presence of melanin, 
the pigment must be largely something 
else. The multilobulated sebaceous glands 
have neither melanocytes in the acini nor 
pigment in the sebum. There are several 
histochemical differences between the two 
types of sebaceous glands; of these none is 
more interesting than the presence of gly- 
cogen only in the multilobulated glands. 
These glands, then, resemble more the 
types found in other primates, whereas the 
single acinar ones seem to be peculiar to 
the black lemur. 


The sweat glands are not well differ- 
entiated. Those over the general body sur- 
face are apocrine, but some of their histo- 
chemical properties are like those of ec- 
crine glands. The glands in the palms, 
soles, and digits are evidently eccrine, but 
they resemble both eccrine and apocrine 
glands. The cells are all of one type and 
are separated by simple intercellular cana- 
liculi. Neither the apocrine glands of the 
general body surface nor the questionable 
eccrine glands of the palms and soles is 
surrounded by nerves that contain cho- 
linesterase. Those of the palms and soles 
contain cholinesterase in the myoepithelial 
cells, like the glands in the digital pads 
of the dog (Hellmann, °55) and of the 
raccoon (personal observations ). 

Since all sweat glands resemble both 
eccrine and apocrine types, neither type 
of gland has deviated appreciably from a 
hypothetical generalized type. This belief 
is strengthened by the rudimentary phar- 
macological observations we have made. 
The glands of the palms and soles sweat 
when either adrenalin or mecholyl is in- 
jected intradermally, the refractory period 
being longer after the injection of adren- 
alin. The glands of the general body sur- 
face, particularly where they are largest 
and most numerous (face, scrotum, and 
perianal region), respond weakly only to 
adrenalin. If a tentative conclusion can 
be drawn from this and from the studies 
of the lorisoidea (Montagna and Ellis, ’59, 
‘60; Montagna et al., 60), both eccrine 
and apocrine glands may have evolved 
from a single stem gland, which perhaps, 
morphologically, resembled the apocrine 
glands. 

The dermis has practically no papillary 
body. The cutaneous appendages and the 
blood vessels are almost in contact with 
the reticular layer, there being very little 
areolar tissue around them. As if to com- 
pensate for this, the reticular layer is un- 
usually rich in fibroblasts. A peculiarity of 
the dermis of the head is the presence of 
large numbers of melanocytes in the peri- 
vascular and perineural tissue. In places 
melanocytes are so numerous that they 
even invade the periosteum of the dermal 
bones and the muscular tissues. This is 
particularly remarkable since elsewhere 
the dermis is free of melanocytes. 
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The various details of this study empha 
size at the same time an apparent primi} 
tiveness and an apparent specialization 0} 
the skin of the lemur. A study of othe} 
Lemuridae will indubitably throw some 
light upon some of these paradoxes. 


SUMMARY 
1. The skin of the black lemur, whil 


having similarities to that of the lorisoids.]) 


has several distinct idiosyncracies. 


2. The dermis has practically no papil- | 


lary body, and the cutaneous appendages 
are apparently poorly vascularized. Thef 
dermis of the skin of the head, but not tha 


of the skin elsewhere, contains variably nu-9 


merous melanocytes. 
3. The hair follicles grow in large 
clusters of variable numbers. Hair follicies# 


are singular in that they abound in pig- 
ment, even in the outer root sheath; they) 
have no arrectores pilorum muscles and 
no sebaceous glands opening into the pilary 
canal. 

4. The sebaceous glands, except those} 
associated with sinus hair follicles, open} 
directly to the surface. Two types of glands 


are present: (a) those of the general body|f 


surface, which consist of a single acinus} 
that opens to the surface by way of a long, 
narrow duct, and (b) those of the face, 
scrotum, and perianal region which are 
multiacinar. 

5. The sweat glands over the general 
body surface are apocrine and poorly de- 
veloped; those on the palms and soles are 
eccrine. Both types of glands are very sim- 
ple and probably represent primitive types. 

6. The various cutaneous appendages 
have characteristic histochemical proper- 
ties, only some of which are similar to 
those of the appendages of lorisoids. 
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PLATE 1 
EXPLANATION OF FIGURES 
The flexor surface of the intact forearm. The arrow points to the tuft of vibrissae grow- 
ing there. 
Profile of the tuft of vibrissae. The bristles grow from an elevation on the skin. 


Frozen sections of the nevus on the medial surface of the forearm, showing one of the 
sinus hair follicles. x 60. 


Fresh frozen section cut parallel to the surface, treated for succinic dehydrogenase, 
showing the “islands” of hair follicles. x 45. 
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PLATE 2 


EXPLANATION OF FIGURES 


5 Frozen section from the scalp, treated for alkaline phosphatase. The large, uniacinar 
sebaceous glands open directly to the surface by long, narrow ducts that contain black 
sebum. The three black arrows point to the slender ducts of the apocrine sweat glands. 


6 Two sebaceous glands from the skin of the back colored lightly with Sudan VII B. The 
long, tortuous duct contains darkly colored sebum and opens directly to the surface. 


7 One multiacinar sebaceous gland from the scrotum, showing intense alkaline phos- 
phatase activity. Contrast with figure 5, in which the uniacinar sebaceous glands are 
only slightly reactive. 
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PLATE 3 
EXPLANATION OF FIGURES 
Section from the scalp treated with the PAS technique. The black arrows indicate the 


tortuous ducts of sebaceous glands; the white arrows indicate the perivascular accumu- 
lation of dermal melanocytes. » 100. 


Section through a secretory segment of an apocrine gland from the cheek, treated with 
PAS. The black elements around the glands are melanocytes. x 250. 


Skin of the palm showing amylophosphorylase in the sweat glands. The dark color in 
the epidermis is due largely to melanin. 100. 


Part of a secretory segment of a gland from the volar surface of the hand, showing 
alkaline phosphatase localized in the intercellular canaliculi. < 560. 
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Radiological Studies of Variation in Ossification 


lof the Foot. 
IIL. 


P. VENNING 


CONE SHAPED EPIPHYSES OF THE PROXIMAL PHALANGES 


Department of Anatomy, University College London, 


London, England 


Radiographs of the feet of children 
/reveal that epiphyses of the proximal pha- 
)langes vary considerably in shape. At one 
extreme (fig. 1) the epiphyseal plate and 
|the adjacent surfaces of the ossified epiph- 
‘ysis and diaphysis form a nearly flat sec- 
(tion across the phalanx. At the other 
pextreme (fig. 2) the epiphysis is cone 
shaped with its apex projecting, axial to 
ithe shaft, into an accommodating crater 
of the diaphysis. This shape variation is 
\probably continuously distributed since 
);many forms intermediate to the extremes 
illustrated were seen. Proximal phalanges 
| with extremely cone shaped epiphyses 
} were sometimes noticeably short, and ap- 
| parently poorly calcified. The diaphysis of 
} such a phalanx was commonly marked by 
} thin radio-opaque striae resembling the 


Fig. 1 
halanges. ; 
Fig. 2 The right foot of a girl aged 8, showing extremely cone shaped epiphyses of the 


proximal phalanges. 


lines of arrested growth described by Har- 
ris (33). In any one foot the degree of 
distal projection of these epiphyses was 
usually greatest in the middle toe and less 
on each succeeding toe on either side. It 
is doubtful whether this shape variation 
affects the proximal phalanx of the first 
toe; very occasionally the epiphysis on this 
toe resembled to some extent the cone 
shaped epiphyses of the other toes but the 
differences in appearance were too great 
to allow a comparable classification. 
Similar cone shaped epiphyses, as well 
as axial craters of the diaphysis in the 
absence of epiphyseal ossification, have 
also been seen at the bases of the middle 
phalanges and metatarsals of the second— 
fifth toes on serial radiographs of the feet 
of infants. These structures were usually 


The left foot of a girl aged 8, showing almost flat epiphyses of the proximal 
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obliterated within a few months of their 
detection by the spread of diaphyseal ossi- 
fication, and were sometimes succeeded 
by pseudo-epiphyses. 

Brailsford (’43, °44) described extremely 
cone shaped epiphyses in the hands and 
feet of children with a congenital dysos- 
tosis. No reference has been discovered, 
however, to the occurrence of cone shaped 
epiphyses as a common morphological var- 
jiation among apparently healthy children. 
Statistical data are presented here on the 
frequency distributions of these epiphyses 
of the proximal phalanges and their rela- 
tions to morphological variations of the 
middle phalanges previously described 
(Venning, ’54, 56a, *S56b). 


MATERIAL AND METHOD 


The material used for statistical analysis 
was a collection of standard dorsi-plantar 
radiographs of the feet of more than 1800 
school children. These children were all 
those attending in May, 1950 a group of 
schools serving a single residential area of 
Greater London. Their ages ranged from 
4 to 15 years inclusive. 

In addition a smaller collection of radio- 
graphs, including oblique and _ lateral 
views, of the feet of other children and 
some serial radiographs of infants’ feet, 
was used to establish the anatomical rela- 
tions of epiphyses and diaphyses described 
above. 

The continuous shape variation of the 
epiphyses of the proximal phalanges was 
arbitrarily divided into conic and non- 
conic categories, and each ossified and 
unfused epiphysis was classified accord- 
ingly. If the distal surface of an ossified 
epiphysis formed a more or less pointed 
axial process that projected beyond the 
proximal rim of the diaphysis it was classed 
as conic. The films were assessed on three 
occasions separated by intervals of several 
weeks. Those epiphyses classified as conic 
on every occasion constituted the final 
sample of this category. No practicable 
system of measurements could be devised 
to give better discrimination than visual 
assessment. 
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RESULTS 
1. Frequencies of cone shaped 
epiphyses with respect 
to age and sex 


Table 1 shows the frequencies with}} 
which conic epiphyses were present in one} 
or more proximal phalanges of the lefif 
feet in yearly age samples of boys ancf 
girls. Over the range of ages when none 
of the epiphyses have fused the frequen 
cies show no consistent variation with 
respect to age. At older ages, when some 
epiphyses are fused, the frequencies of 
conic epiphyses among the remaining feet 
with no fusion are smaller. In the female 
samples this difference is highly signifi- 
cant (x’= 15.76, 1 degree of freedom: 
P< 0.001). Since there is no evidence 
that epiphyses tend to become less conic 
with increasing age, this result is inter- 
preted to mean that conic epiphyses ten 
to fuse earlier. Inspection of the radio 
graphs supports this conclusion, sinc 
signs of commencing fusion are frequentl 
seen in the region of the apex of a con 
shaped epiphysis at relatively early ages. 

Cone shaped epiphyses are much mor 
common among girls than boys, the dif- 
ference being highly significant. No othe 
differences between the sexes in the dis-: 
tribution of conic epiphyses were discov-' 
ered. 

Further results given below are based 
on the combined unfused age samples 
(4-10 years) of females only, since the 
number of conic epiphyses among males 
is too small for statistical analysis. 


2. The distribution of conic 
epiphyses among the toes 


Table 2 shows the distribution of cone |) 
shaped epiphyses among the toes of both 
feet. The frequencies show a highly sig- 
nificant tendency to bilateral symmetry, 
and no differences between the sides with 
respect to unilateral occurrences. 

When only one toe in a foot had a conic | 
epiphysis that toe was always the third; | 
when more than one toe were affected | 
these were always the third and one or. 
more successive adjacent toes on one or 
both sides of the middle toe. Of the two 
toes immediately adjacent to the middle | 
toe, the 4th was more frequently affected — 
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TABLE 1 
Frequencies, at different ages, of conic epiphyses of the proximal phalanges in children 
% - 
i Age at ; children B 
t last Total in with Chila 3 Col. B 
ly birthday samples oe of ates et aaa ree ne 
i epiphivess” fusion epiphyses 
ih Males 
AN 4 24 Nil 24 Nil Nil 
i 5 88 Nil 88 i 7.9 
| 6 82 Nil 82 » 317 
| 7 88 Nil 88 8 9.1 
8 61 Nil 61 5 8.2 
9 72 Nil 72 8 ie 
| 10 98 Nil 98 8 8.2 
itil 91 Nil 91 10 LEO 
12 93 Nil 93 6 6.5 
; Totals (4-12 yrs.) 697 lye) 7.9 
13 109 5.5 103 6 5.8 
14 92 DOR TS 2 Dell 
| 155 14 Soult 9 Nil Nil 
y)! Totals (13-15 yrs.) 185 8 4.3 
Females 
) 4 24 Nil 24 4 7 
it 5 80 Nil 80 19 24.8 
i 6 93 Nil 93 31 SOS 
t 7 89 Nil 89 19 21.3 
k 8 TS Nil 1} 22 30.1 
) 9 60 Nil 60 i 28.3 
F 10 87 Nil 87 18 MO 
I Totals (4-10 yrs.) 506 130 2507, 
i eal 85 4.7 81 itil 13.6 
i 112 22, 27-0 89 16 18.0 
13 ital} 49.6 SY 5 8.9 
ih 14 83 80.7 16 Nil Nil 
iF i 12 75.0 3 Nil Nil 
I Totals (11-15 yrs.) 246 32 13.0 
b 
1 
| 
| 


TABLE 2 

| . 

] Distribution of conic epiphyses of proximal phalanges among the toes of right and left 
feet of girls of 4-10 years inclusive 


| 
| 
| Right feet 
} ith 
| conte rele ca fad na and aon aad Left feet 
of the proximal Nonie r r r Yr r r Totals % 
_ — 4th 4th 4th 4th 
| eae —_— — — — 5th 5th 
F 
| None 376 Se Se = 381 75.3 
— 3rd — — a Se il 6 1 — — 47 9.3 
Qnd 3rd — — — 4 5 — i —- — 10 2.0 
— 3rd 4th — 2 6 — 20 5 —_— —_ 33 6.5 
9nd 3rd 4th — — al il 4 29 —_ 2, 33 6.5 
— 3rd 4th 5th — — —_- — —_— _ if 1 0.2 
Qnd 3rd 4th 5th — — — — — 1 1 0.2 
Right Totals 385 46 7 32 6) = 4 506 
feet % Monk 9.1 14 63 6.3 Nil 0.8 
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TABLE 3 


Frequencies of the different combinations of morphological variants of the middle and 
proximal phalanges of left feet of girls 
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leet cd Proximal phalanges 
is N.C. C N.C. Cc Total 
2nd 3rd 4th 5th 
a =f aR am ap 1 =| 48 6 54 
+ sg ae = 47 6s 
b ate te = = 89 14 103 
Cc a Ad = = 66 19 85 
d aa a = = 18 19 37 
e die a tle 6 il 7 
f ah. ate a x 43 5 48 
g of = = x 58 19) i 
+ = XK x 2 1s oe 2 80 
hs = = as x 44 35) 
= = x x 1 5} 50 40 90 
— x x Xx 5 —] 
i 7 : es 2; ye Omitted 
Total 380 124 504 
1 +, middle phalanx with epiphysis; —, middle phalanx without epiphysis; x, toe with- 


out middle phalanx; NC, epiphyses of proximal phalanges not conic; C, one or more 


epiphyses of prox. phals. conic. 


than the second. The different combina- 
tions of toes with conic epiphyses may be 
interpreted in terms of a quantitative 
medio-lateral distribution of some factor 
promoting this form of epiphysis. Such 
a distribution would be greatest at the 
middle toe and diminish on either side as 
the distance from this toe increases, the 
lateral gradient tending to be less steep 
than the medial. 

The diminishing order of frequency of 
conic epiphyses among the toes, third > 
fourth > second > fifth, corresponds to the 
usual sequence of onset of epiphyseal 
ossification among the proximal phalanges 
of these toes (Pyle and Sontag, ’43; Hard- 
mays, 1532). 


3. Intra-foot correlations between 
conic epiphyses of the proximal 
phalanges and variations 
of the middle 
phalanges 


Table 3 shows the frequencies of mor- 
phological variations of the middle pha- 
langes among feet with and feet without 
conic epiphyses of the proximal phalanges. 
These variations consist of middle phalan- 
ges with and without epiphyses (pseudo- 
epiphyses are included in the latter cate- 


gory), and toes with and without middle} 
phalanges. To facilitate statistical analy- 
sis the data have been simplified by the: 
omission of the two cases of exceptional] 
variations of the middle phalanges, and} 
by combining the frequencies of others.|f 
as shown in the right-hand columns of 
the table. For example, variation in the 
number of phalanges is analyzed only for 
the Sth toe; the rare examples of other’ 
toes lacking the middle phalanx have been 
treated as if this phalanx was presenti 
without an epiphysis. : 

The amalgamation of frequencies in this 
way is justified on the assumption that 
the different variations of the middle pha-} 
langes form a related series (Venning, | 
56a). When, therefore, a variation is too \# 
rare to be used statistically it was sup-| 
posed that more information would bell 
obtained by combining it with the next 
variation of the series, than by excluding | 
it from the data. The results given below § 
will show that this assumption is only 
partially true. However, examination of. 
the data shows that it makes no practical | 
difference whether these rare variations | 
are combined or excluded. Consequently | 
it has not been considered necessary to) 
change the procedure. 


} 
i 
f 


a, 


! 
) 


CONE SHAPED EPIPHYSES 


The hypothesis that any two of the 
‘hree variable characters are not associ- 
ated within feet may be tested by compar- 
ing samples that are matched with respect 
to the third. The following results are 
obtained. 

a. There is a highly significant intra- 


}foot association between the number of 


middle phalanges without epiphyses and 
conic epiphyses of the proximal phalanges. 
(¥ = 45.3, 6 degrees of freedom. ) 

b. The highly significant intra-foot as- 
sociation previously reported (Venning, 
56a) between the number of middle pha- 
langes lacking epiphyses and the 5th toes 
lacking a middle phalanx is confirmed in 
the enlarged samples of the present mate- 
rial. (x° = 61.6, 6 degrees of freedom. ) 

c. There is no intra-foot association be- 


j tween conic epiphyses of the proximal 


phalanges and the presence or absence of 
the middle phalanx from the 5th toe. 


} (x = 1.52, 4 degrees of freedom.) 


( 
| 


i 
I 


1 


( 


These results are interpreted as show- 


| ing that the morphogenetic factor produc- 


ing conic epiphyses of the proximal pha- 
langes is independent of the factor causing 
the absence of the middle phalanx from 
the fifth toe, but that either of these 
factors may produce middle phalanges 
lacking epiphyses. 


DISCUSSION 


In considering the possible nature of 
the morphogenetic factors underlying con- 
ic epiphyses the observation that these 
epiphyses fuse relatively early may be sig- 
nificant. The different epiphyseal forms 
that occur in the digits of the foot may be 
arranged in series corresponding to dif- 


_ ferences in age at which osteogenic inva- 
_ sion from the diaphysis of the epiphyseal 


or presumptive epiphyseal cartilage occurs. 
First in this series are those cases in 


which no epiphyseal structure is detect- 


able radiographically at any age. In these 
cases the presumptive epiphyseal cartilage 
is presumably ossified from the diaphysis 
at an age when a specialized epiphyseal 
growth zone has either not been differ- 
entiated or constitutes only a transient 
barrier to the invasion. Parsons (’05) and 
Fell (725) describe this kind of ossifica- 
tion in the embryonic long bones of birds. 


135 


Second are the pseudo-epiphyses. In 
these, early osteogenic invasion of the 
epiphyseal cartilage is localized within a 
more or less axiai corridor. Around this 
corridor a peripheral ring of epiphyseal 
plate cartilage survives during a relatively 
prolonged period of growth (Posener, 
Walker and Weddell, ’39). 

Conic epiphyses of the proximal pha- 
langes may be placed next in the series. 
In these the growth zone remains intact 
for a much longer period, but they re- 
semble pseudo-epiphyses in that the axial 
part of this zone succumbs to osteogenic 
invasion before the peripheral part. 

Finally, in non-conic epiphyses the 
growth cartilage remains intact for still 
longer periods and there is little or no 
difference in survival time between the 
center and periphery of this cartilage. 

It appears therefore that the series of 
epiphyseal forms is related to a progres- 
sive decrease in the life of the epiphyseal 
plate that affects differentially the axial 
and peripheral parts of the cartilage. This 
differential within the growth zone sug- 
gests that the shape of conic epiphyses 
may be related to the presence of a radial 
gradient of some factor within the carti- 
lage at some stage of differentiation. 


SUMMARY 

Epiphyses of the proximal phalanges of 
the feet exhibit a continuous variation in 
shape. At one extreme of this variation 
they are cone shaped with a central apex 
projecting distally into the diaphysis. 

These conic epiphyses occur preferen- 
tially on the third toe and then on each 
successive toe on one or both sides of this 
toe, except the first. Conic epiphyses fuse 
relatively early and occur more commonly 
in girls than boys. They are significantly 
associated with middle phalanges lacking 
epiphyses, or with pseudo-epiphyses, in the 
same foot, but not associated with the 
absence of a middle phalanx from the 5th 
toe. 
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yIV. THE LENGTH AND GROWTH OF BONES OF THE FOOT 


IN RELATION TO MORPHOLOGY 
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London, England 


It has been reported that the length of 
a middle phalanx tends to be less (a) 
when it lacks an epiphysis, (b) when any 
other middle phalanx in the foot lacks an 
epiphysis, and (c) when the 5th toe lacks 
a middle phalanx (Venning, ’56b). A 
highly significant intra-foot correlation be- 
tween these conditions (Venning, *56a) 
suggests that both absence of epiphyses 
and absence of phalanx are manifesta- 
tions of a generalized reduction of middle 
phalanges in the foot that is more pro- 
nounced in the post-axial digits. 

These results were, however, obtained 
without taking into account a morpholog- 
ical variation of the proximal phalanges 
which is significantly correlated with the 
absence of epiphyses from middle phalan- 
ges but not with the absence of the pha- 
lanx itself from the 5th toe, and which 
also appears to be associated with short 
digit segments (Venning, 61). 

The investigation now reported was un- 
dertaken to obtain more complete informa- 
tion about the relation of bone length and 
growth in the foot with each of the mor- 
phological variants of the digits. 

The three variants separately considered 
in relation to bone length and growth are 
(1) the presence or absence of a middle 
phalanx in the 5th toe, (2) the presence 
or absence of epiphyses among the middle 
phalanges of the second, third and 4th 
toes (pseudo-epiphyses are classified as 
“absent”), and (3) the presence or ab- 
sence of a “conic” epiphysis in one or more 
of the proximal phalanges. (This mor- 
phological variant of the proximal pha- 
langes probably represents one tail of a 


continuous shape distribution of the epiph- 
yses that has been classified into “not 
conic” and “conic” categories. ) 

Information about the criteria for iden- 
tification and of these morphological vari- 
ants on radiographs of children, their 
frequencies with respect to sex and digit, 
and their intra-foot correlations may be 
obtained from the communications already 
referred to. 


MATERIAL AND METHOD 


The material consists of dorsi-plantar 
radiographs of the feet of about 500 school- 
girls aged 4 to 10 years inclusive. Within 
this age range nearly all relevant epiph- 
yses are ossified but not yet fused and it 
was possible to identify with reasonable 
confidence each skeletal variant. The chil- 
dren represented were all those attending 
a group of schools in Greater London dur- 
ing May, 1950, and probably include 
nearly every girl of this age living in the 
urban locality. The age of each child was 
known to the nearest month. 

Each radiograph was taken with the 
child seated, the knees partly flexed, and 
the feet resting side by side with their 
plantar surfaces on the film. The x-ray 
tube was centered 100.0 cm perpendicu- 
larly over a point on the film midway be- 
tween the feet at the level of the heads 
of the second metatarsals. Positioning 
was standardized by using a fixed frame 
to hold the film in a constant relationship 
to the tube; the feet were then placed 
with reference to markings on this frame. 

The radiographs were examined at about 
x 3 magnification and the following di- 
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mensions of left feet were measured to the 
nearest 0.25 mm: 

1. the lengths of ali segments of the 
first digit, and of the middle phalanges 
and metatarsals of the other digits, meas- 
ured along the presumed long axis of each 
bone between perpendiculars to this axis 
tangential to either end of the bone; 

2. the length of each proximal phalanx 
of the second-fifth toes coincident with 
the presumed long axis of the bone: 

3. the length of medial cuneiform, and 
of the cuboid, measured in each case along 
the long axis (produced) of the 4th meta- 
tarsal, between the pair of perpendiculars 
to this axis tangential to the bone in ques- 
tion; 

4. the anterior protrusion of the first 
metatarsal beyond the second (negative 
and positive values), and of the second 
metatarsal beyond the 5th, measured in 
each case along the long axis of second 
metatarsal between perpendiculars to this 
axis tangential to the anterior ends of the 
first and second, and second and 5th meta- 
tarsals respectively. 

Table 1 gives the principal parameters 
of each dimension for the whole material. 
The coefficients of linear regression of 
length on age show that all the dimen- 
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sions, except the anterior protrusion of the | 
first metatarsal beyond the second, are 


significantly dependent upon age. 


The material was divided into 16 sam- 
ples corresponding to different combina-. 


tions of morphological characters in the 
digits of left feet (table 2). The mean 
length of each dimension, estimated at a 


standard age X, = 92.5 months, is given! 
The standard 


for each sample (table 3). 
error of each mean, 


Py epee co 

V gen ae ) 
may be obtained from the tabulated values 
of the factors S’ (the residual variance of 
length about the regression estimated for 
each dimension by averaging over-all sam- 
ples), and ia 

Xo — X)? 

i ea 


baler Cxox 


The coefficient of linear regression of 
length on age of each dimension is given 
for each sample (table 4). The values of 
the factor 1/Cxx, ( 10’ for conveni- 
ence), are tabulated so that the standard 
error of each regression, V S?/Cxx, may be 
obtained. 

The values of the regressions (mm per 
month) are taken as estimates of the 


TABLE 1 


Mean length (estimated at a standard age of 92.5 months), estimated variance, and 
coefficient of linear regression of length on age (mm per month) for each 
dimension of the whole material irrespective of morphological 


differences 
Dimensions N eee o2 b 
mn 
Term. phal. 1st digit 499 19.64 2.468 0.0858 
Mid. phal. 21d digit 497 9.22 Pd LAS 0.0504 
Mid. phal. 3rd digit 492 7.83 2.373 0.0392 
Mid. phal. 4th digit 485 6.37 1324 0.0293 
Mid. phal. 5th digit 276 5.00 0.455 0.0239 
Prox. phal. 1st digit 499 24.12 4.866 0.1390 
Prox. phal. 2nd digit 499 20.21 2.748 0.0907 
Prox. phal. 3rd digit 499 18.27 2.794 0.0795 
Prox. phal. 4th digit 499 17.05 2.116 0.0747 
Prox. phal. 5th digit 498 5.507 1.703 0.0640 
Metatarsal 1st digit 497 48.50 10.551 0.2510 
Metatarsal 2nd digit 494 53.14 14.079 0.2585 
Metatarsal 3rd digit 493 50.98 12.762 0.2385 
Metatarsal 4th digit 496 49.58 12.284 0.2363 
Metatarsal 5th digit 497 49.41 15.264 0.2745 
Met. protrusion 1st > 2nd 498 0.88 4.800 0.0023 
Met. protrusion 2nd > Sth 498 22.87 7.952 0.0854 
Medial cuneiform 500 24.68 6.515 0.2090 
Cuboid 500 PUSS BAS) 3.816 0.1406 
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| TABLE 2 
The number of left feet in each morphological sample 


The number measured in any sample was sometimes slightly less, for a given dimension, 


aes the number shown above, due to that dimension being unmeasurable on one or more 
Morphological classification! 
| Sample Middle phal Tete 
phalanges Pea left 
| 2nd 3rd 4th 5th Eee He 
1 =° = = = NC 48 
2 = ep Lh * NC 6 
3} + ae = = NC 89 
4 =F = x NC 43 
5 a = ax = NC 66 
| 6 a = ae x NC 60 
vi ee = = = NC 18 
8 = = = Ss NC 50 
9 + = + = Cc 6 
10 ot aL aE se Cc 1 
1 a he = = c 14 
12 + + = x C 5 
13 ae = <= — C 19 
14 aie = = Sg G 20 
15 = = = ~ Cc 19 
16 = = = \ C 40 
Total 504 


1 +, Middle phalanx epiphysis present; 


—, middle phalanx epiphysis absent; , middle 
phalanx absent; NC, proximal phalanges epiphyses, not conic; C, proximal phalanges 
epiphyses, one or more conic. Sample 1, 6, 8, 14 and 16 is each comprised of an amalgama- 


i tion of the morphological classification indicated with other rare classifications considered 
equivalent (see Venning, 61, table 3 for full breakdown). 


| 
mean growth rates of the dimensions. The 


linear relationship between length and age 


‘assumed in these estimates is probably a 


(good enough approximation over the age 


frange covered by the material. 


Scatter 


{diagrams revealed no obvious departures 
(from linearity. Some departure from lin- 
jearity, overestimation of regression coeffici- 
jents, and underestimation of mean lengths 


may be expected in the case of the medial 


(cuneiform and of the 5th metatarsal due 
to incomplete ossification in some of these 
(bones at some ages. 


It will be noticed that the estimates of 


ivariance, S? in table 3, differ from and 


are usually smaller than the estimates o? 


shown in table 1. This is because the 
former but not the latter take account of 
differences in length between samples. 
The following null hypotheses were 
tested—that the mean length, or growth 
rate, of any dimension is not greater in 
feet (a) with a middle phalanx present in 
the 5th toe, (b) with an epiphysis present 
in the middle phalanx of the second, third 
or 4th toe, (c) with non-conic epiphyses 
present in all the proximal phalanges, 
(d) with all three characters present, than 


in feet with the respective character(s) 
not present in each case. 

The mean lengths, or growth rates, of 
each dimension were compared _ in 
matched pairs of samples that differed 
from each other only in respect of the 
character or characters under considera- 
tion. Only one pair of matched samples is 
available for testing hypothesis (d) (sam- 
ples. 1 and 16: see table=2)). For each or 
the other hypotheses a set of matched 
pairs is available, and tests of significance 
were carried out on the difference in mean 
length, or in regression, in each matched 
pair, and on the sum of differences over 
each set of pairs. The latter tests are 
much the more informative and only these 
results have been tabulated. Positive dif- 
ferences, i.e., in a direction contrary to 
that expected by the hypotheses, were 
tested for significance, and the probabili- 
ties that these differences would have oc- 
curred by chance, supposing the hypoth- 
eses to be true, are given for one tail of the 
distribution of Student’s t. Negative dif- 
ferences are, of course, excluded from 
consideration by the hypothesis. They 
were in all cases very small. Sample 10, 
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containing only one foot, could not of 
course be used for these comparisons. 

The relative anterior protrusions of the 
metatarsals were exceptions to the above 
procedure. There was no _ presumption 
that these measurements would vary in 
any particular direction with respect to 
the characters. The hypothesis tested for 
these dimensions was that they would not 
differ as between the presence and ab- 
sence of the characters, and the probabili- 
ties are therefore given in respect to both 
tails of the distribution of t. 

In assessing the results the effects of 
lack of independence between variables 
must be considered. First, of course, the 
length and regression of a dimension are 
mutually dependent. Second, there is 
likely to be variation of more than one 
morphological character between matched 
samples, since the characters are probably 
continuous variables, or expressions of 
continuous variables, and in some cases 
are mutually correlated. Classification 
into discrete “present” and “not present” 
categories cannot eliminate within-cate- 
gory variation. Third, there will be intra- 
foot correlations between the parts meas- 
ured in respect to both length and regres- 
sion. 

The consequence of lack of independ- 
ence will be a tendency to obtain similar 
results as between length and regression, 
as between correlated characters, and as 
between different dimensions. Correspond- 
ences between results cannot therefore be 
regarded as providing independent con- 
firmation of a particular relationship be- 
tween length, or regression, and morphol- 
ogy. Conversely a divergence of results 
may be accepted, a fortiori, as evidence of 
a real difference in this respect. 


RESULTS 


The results of the tests of significance 
on the sums of differences of mean lengths 
and of mean growth rates are given in 
table 5. 


1. Presence or absence of the middle 
phalanx of the 5th toe 


None of the dimensions vary in length 
or growth rate with respect to this char- 
acter, except the middle phalanges. These 
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| 

| 
phalanges tend to be shorter when the Stl} 
toe lacks a middle phalanx. The growth 
rate of only one of the middle phalange'} 
was less when the 5th toe phalanx wa} 
absent, and this result was only nereae 
significant. It must therefore be consid 
ered doubtful whether any of the growth 
rates varied with respect to this character 


2. Presence or absence of epiphyses | 

of middle phalanges H | 

The tabulated results refer only to comif) 
parisons between feet with these epiphyses}} 
all present or all absent. They indicate | 
that all middle phalanges, and proxima# 
phalanges of the second, third and 4th 
toes are shorter when the epiphyses ard} 
absent. Again only a marginally signifijp 
cant difference in growth rate of one mid 
dle phalanx was found. Neither the length 
nor growth rate of any other dimensior 
was significantly different. 
The results of comparisons of singl 
pairs of matched samples, (not tabulated) } 
indicated that in general the greater th 
number of middle phalanges lacking epif#, 
physes the shorter the length of any pari} 
ticular middle phalanx. 


8. Presence or absence of 
conic epiphyses 

The majority of dimensions are shorte 
in feet with conic epiphyses of one or mor 
proximal phalanges. The only dimension 
not affected are the middle phalanges o 
the 4th and 5th toes, the two tarsal bones 
and the anterior protrusion of the secon 
metatarsal beyond the 5th. Only tw 
growth rates showed marginally signifi- 
cant differences. 


4. Presence of 5th toe middle phalanx, | 
epiphyses of middle phalanges and | 
non-conic epiphyses, or absence 
of all these characters 


The lengths of nearly every dimension,\§ 
including the tarsal bones, are shorter’ 
when the characters specified are absent. 
The only exceptions are the anterior pro-! 
trusions of the metatarsals. The growth 
rates of the middle phalanges of the sec- 
ond and third toes are also less when the 
characters are absent. 


—! 
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DISCUSSION 


The most striking features of the re- 
sults are the variations they reveal in the 
extent to which bone length in the foot 
is dependent on the different morphologi- 
cal characters, and the contrast between 
the common occurrence of length depend- 
ence and the virtual absence of growth 
dependence on these characters. 

Differences among the characters in re- 
spect of length dependence are greatest 
as between the middle phalanx of the 5th 
toe and the epiphyses of the proximal 
phalanges. The presence or absence of 
the former character is related to length 
differences of middle phalanges only. It 
was previously suggested that length vari- 
ation of presumptive middle phalanx tis- 
sue was a morphogenetic determinant of 
this character (Venning, ’56b). By contrast 
the presence or absence of conic epiph- 
yses of the proximal phalanges appears 
to be related to the lengths of most of the 
digit segments. It must be supposed that 
variation of this character is the expres- 
sion of differences in some characteristic 
of cartilage differentiation that affects the 
foot, or at least the digits, as a whole. The 
results obtained in respect of the depend- 
ence of length on the presence or absence 
of the epiphyses of the middle phalanges 
are intermediate to those obtained for the 
other two characters. 

These differences between the characters 
are consistent with an hypothesis, based 
on the intra-foot correlations between the 
characters, that the morphogenetic factor 
determining the presence or absence of the 
middle phalanx of the 5th toe is different 
from that determining the conic or non- 
conic epiphyses of the proximal phalanges, 
and that either or both these factors deter- 
mine the presence or absence of epiphyses 
of the middle phalanges (Venning, 61). 

Very few of the significant length differ- 
ences are accompanied by corresponding 
significant differences in growth rates. 
This can be explained in two ways. First, 
it may be supposed that a length differ- 
ence is initially established at the time of 
segmentation of the foot skeleton, and 
consequently does not depend upon sub- 
sequent growth differentials. This expla- 
nation would be consistent with the sug- 
gested morphogenetic determination of the 
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Alternatively, a length difference may have} 
been caused by differences in growth raté 
operating after segmentation but at ageg 
earlier than those represented in the may 
terial. Although the linear regressions offf} 
length on age, used in this study as esti 


is evident, from the values given in table 
1, that at earlier ages the absolute growthi}, 
rates of the different dimensions must) 
often have been many times greater tha 
those estimated. At faster growth rates,\il) 
differences in rates of the same relative} 
magnitude as those found not significant} 
in the present material, might well pro-: 
duce the observed differences in length in) 
quite a short time. 

There is no evidence from the present |} 
study as to whether one or both of these |}, 
explanations are applicable. 


SUMMARY 


Measurements of the length of digit |) 
segments, of the medial cuneiform and |]. 
cuboid, and of relative metatarsal pro- 
trusion were made on standard dorsi- || 
plantar radiographs of the left feet of 
girls. 

The dependence of the length, and of 
the regression of length on age, of each 
measurement on the following morpho- 
logical variables was investigated: (a) the 
presence or absence of the middle phalanx 
of the Sth toe, (b) the presence or ab- 
sence of epiphyses of the middle pha- 
langes, cnd (c) the presence or absence i | 
of conic epiphyses of the proximal pha- jj 
langes. 

When the 5th toe lacks a middle pha- 
lanx all the middle phalanges tend to be | 
shorter. When the middle phalanges lack 
epiphyses all the middle phalanges and 
some proximal phalanges tend to be 
shorter. When conic epiphyses are pres- 
ent in one or more proximal phalanges 
most of the dimensions measured were 
shorter. 

Very few of the regressions were sig- 
nificantly dependent on any of the mor- 
phological variables. 

The results are considered to be con- 
sistent with intra-foot correlations of the 


) 
j 


1 . . . . . 
‘jaorphological variables previously investi- 
‘ated. 
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|Anthropometric Data Presented in Three- 


| Dimensional Forms' 


a) 


_ The physical anthropologist, in one of 
# his capacities, describes man’s variability 
i anthropometrically. At the same time, 
9 these anthropometric data may be used to 
4 design equipment which must accommo- 
jdate this acknowledged variability. This 
{paper will consider a number of recent 
() approaches by the Air Force to “statisti- 
cally” demonstrate and accommodate vari- 
« ability without attempting to define its 
jj) causes. 

' Of major importance to the physical 
* anthropologist is the recognition that he 
j) must interpret his data before the designer 
‘ or engineer can correctly apply these. This 
# results from the lack of appreciation by 
* designers and engineers of the statistical 
* concepts generally used when presenting 
» anthropometric data. It is true that when 
* dealing with workspace envelopes employ- 
{| ing gross measurements, designers have 
/ successfully applied anthropometric data 
2 as they are frequently reduced in terms 
1 of means, standard deviations and _ per- 
? centiles (Hertzberg, 60). Hertzberg, Dan- 
| iels and Churchill (754), in their report 
| of an anthropometric survey of more than 
_ 4,000 Air Force flying personnel, serve as 
| an excellent example of this method of 
data presentation. Table 1 illustrates the 
presentation of such information for one 
of 132 dimensions measured in this survey 
(values in all tables are in inches and 
pounds). However, experience shows that 
this analysis is ineffective when used for 
designing close-fitting personal flying 
equipment such as pressure suits, oxygen 
masks and helmets. Each contractor 
adapts the data to his own sizing stand- 
ards without fully appreciating the sta- 
tistics involved, resulting in their frequent 
misapplication. One of the major objec- 
tives of the present Air Force effort is to 
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eliminate this situation by standardizing 
the sizing of all personal protective equip- 
ment. The importance of such a program 
to the physical well being of flying per- 
sonnel cannot be over-emphasized. When 
an item of protective equipment does not 
fit properly or may cause discomfort it may 
be discarded entirely or, if worn, fail to 
provide the desired protection when called 
upon to function in an emergency. 
Recognizing that there is this gap be- 
tween the anthropological data and the 
ability of designers to effectively utilize 
these, United States military agencies have 
developed three-dimensional representa- 
tions of the data. The three-size plastic 
manikin series constructed by Randall 
(43) demonstrates one such effort for the 
body as a whole. However, these mani- 
kins, in general, reflected statistical data 
similar to those in table 1, and they found 
their greatest service in gross clearance 
problems rather than in designing the 
close-fitting protective equipment which is 
our immediate concern. Since it is ex- 
tremely difficult to integrate the various 
segments of the body into an objective 
series of items for the sizing of protective 
equipment, more intensive research was 
directed at resolving sizing problems for 
the individual segments of the body, espe- 
cially for the head. Three-dimensional 
representations of the head were described 
by Randall and Damon (’42), Koepnick 
and Benton (44), the Chemical Warfare 
Service under Cosentino (’45), Cole et al. 
(58) and Saul and Truett (unpublished 
manuscript). Statistical headforms built 
to anthropometric data analyzed in these 
reports were used in helmet, oxygen mask, 
respirator, and similar sizing problems. 


1 Based on a paper delivered at the 29th An- 
nual Meeting of the AAPA, 1960. 
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TABLE 11 


Conventional presentation of anthropometric 
data. Dimension-head circumference? 


M. ALEXANDER, R. S. ZEIGEN AND I. EMANUEL 


Percentile values 


cm in. 


Je 

1 53.4 21.0 

2 53.9 22, 

3 54,2 21.3 

5 54.5 21.5 
10 595.1 Dll 
15 55.4 21.8 
20 55.8 22.0 
25 56.1 22.1 
30 56.3 22.2 
35 56.5 22.2 
40 56.7 22.3 
45 56.9 22.4 
50 57.1 22.5 
55 57.3 22.6 
60 57.5 22.6 
65 57.7 22.7 
70 57.9 22.8 
75 58.2 22.9 
80 58.5 23.0 
85 58.8 23.2 
90 99.2 23.3 
95 59.6 23.5 
97 60.0 23.6 
98 60.3 23.7 
99 61.7 24.3 


Mean: 57.07 (0.02)3 cm; 22.47 (0.01) in. Stand- 
ard deviation: 1,58 (0.01) cm; 0.62 (0.00) in. 


Range: 51-62 cm; 20.08-24.41 in. V =92.77 
(0.03)%; N = 4056. 
1Extracted from Hertzberg, Daniels and 


Churchill, ’54, p. 71. 

2 Taken with subject sitting and tape passing 
above (but not including) the brow ridges, maxi- 
mum value, 

° Standard error, 


All but those described by Chemical War- 
fare Service were based on conventional 
anthropometric dimensions taken by hand. 
Chemical Warfare Service used the so- 
called Cartesian Faceometer which located 
facial landmarks in space. Devices achiev- 
ing comparable results were described by 
Garn, Hunt and Maranjian (752), Hertz- 
berg and Saul (55) and Hertzberg, 
Dupertuis and Emanuel (58). Although 
these techniques may be theoretically su- 
perior to the standard anthropometric ap- 
proach in defining body shape, at this time 
it is more practical to take the conven- 
tional dimensions and have a sculptor 
translate these into representative head, 
face and body forms, using his trained eye 
to supply the details of surface shapes. 
These earlier approaches to the presen- 
tation of anthropometric data in three- 


dimensional forms are inadequate for cul 
rent problems. That this is so points uj 
the need for continuing reappraisal of 
existing data and statistical analyses. Ix 
this connection, it must be realized tha 
the nature of the equipment problem fre 
quently dictates the design criteria selectec] 
for the form. Furthermore, there are limits 
to the extent to which the statistics may bé 
manipulated and at the same time be inte) 
grated into non-distorted three-dimensiona. 
forms. This may be seen when attemptin 
to sculpturally integrate components of a 
composite dimension such as stature o 
face length, where a constant (usually the 
mean) and some factor (usually some} 
standard deviation or percentile) is em-} 
ployed. In such a case, the total for the: 
components is greater than for the com- 
posite dimension itself, and this must be} 
resolved by means of proportions or some} 
other compromise which does not negate 
the intent of the form. 

Before discussing the specific forms de- 
veloped during our present effort, it will be } 
useful at this point to clarify the concepts 
on which they are based. First, a sizing 
system is defined by the selection of key 
dimensions which serve as the basis for 
Statistical analysis. It is important that | 
these key dimensions be easily obtainable | 
since they serve as fitting dimensions in 
the field. Next, sizing programs are estab- 
lished by dividing the ranges of the key di- 
mensions into appropriate intervals, after 
which the desired values of the remaining 
important dimensions within each size are 
obtained. This is accomplished by treating 
each size as a separate sub-sample and by 
then computing the mean and the standard 
deviation within each size. Table 2 illus- 
trates the case in which head circumfer- | 
ence is the single key dimension selected 
as the basis for the sizing system. Atten- 
tion is invited to the effect of a dimen- 
sion having a low correlation coefficient 
with head circumference, ie., head height 
(0.26), and one having a relatively high 
one, ie., head length (0.67) (Churchill | 
and Truett, 57). Lastly, after selecting 
a sizing program, the dimensions may be | 
sculptured into a series of forms or fabri- 
cated into a series of pressure suits, oxy- 
gen masks, etc. In other words, a series 


TABLE 2 


Design ranges for the 6-size mean headforms and 6-size liner headforms! 


Size 


Dimension 


Ma 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Max. Min. Max. 


Min. 


23.00 
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24.00 


23.50 


23.50 


22.50 23.00 


22.50 


22.00 


22.00 


21.50 
7.25 
4.55 


21.50 
7.80 
5.45 


21.00 
Thcd ls) 
4.50 


Head circumference 


8.40 
5.75 


7.80 
4.80 


8.30 
5.70 


7.65 
4.70 


8.15 
5.60 


7.40 8.05 7.50 
3.00 4.65 


7.90 
5.50 


Head length 


4.60 


Head height 


1 Based on a table appearing in Zeigen, Alexander et al. (60). 


represents a concrete expression of a siz- 
ing program. 

The forms considered in this paper con- 
cern the face, the head, and the body as a 
whole minus the head, hands and feet. 
They are developed, for the most part, on 
data obtained during the survey of the 
more than 4000 Air Force flying personnel 
previously referred to (Hertzberg, Daniels 
and Churchill, 54). Additional anthropo- 
metric data have been extracted from a 
photometric survey of some 2000 Air Force 
flying personnel made in 1957 (Seaford, 
59). The successful applications of these 
forms and their associated data to previ- 
ously unresolved sizing problems, tend to 
support their reliability. 


Faceforms 


Anyone who has observed pilots return- 
ing from extended flights, their faces 
deeply creased by the pressure of their 
oxygen masks, can appreciate the need for 
a soft, light-weight oxygen mask that does 
not need to be painful to be effective. For 
this reason, the Aerospace Medical Labora- 
tory has long maintained a group of oxy- 
gen mask specialists.” These men designed 
a light-weight oxygen mask consisting 
basically of a deformable latex facepiece 
encased in a plastic cup for rigid support. 
After their effort to make this a one-size 
item failed, they approached the Anthro- 
pology Section for sizing design assistance 
(Emanuel, Alexander and Churchill, 59). 

Two main problem areas had to be con- 
sidered: first, to minimize discomfort, the 
mask had to rest on the bony bridge of the 
nose, and secondly, to insure a leak-proof 
fit, the mouth in both the relaxed and smil- 
ing positions had to be covered. For the 
first point, x-ray photographs’ of 23 adult 
males revealed that the vertical distance 
between nasal root depression and the end 
of the nasal bone had a mean value of 0.76 
inches and a standard deviation of 0.11 
inches. Only about 2% of the population 
had values less than the mean minus two 
standard deviations or 0.54 inches. There- 
fore, by using 0.50-inch intervals for face 


2Mr. Henry Seeler, Chief of the Special Pro- 
jects Section, and his assistants. 

3 Dr. S. M. Garn of the Fels Research Institute, 
Yellow Springs, Ohio, kindly provided the x-ray 
photographs used. 
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TABLE 3 
Design intervals for faceforms 

Size Face length Lip length 
Short-narrow 3.90-4.40 1.70—-2.10 
Short-wide 3.90-4.40 2.10-2.50 
Regular-narrow 4.40-4.90 1.70—2.10 
Regular-wide 4.40-4.90 2.10—2.50 
Long-narrow 4.90-5.40 1.70-2.10 
Long-wide 4.90-5.40 2.10—2.50 


length (menton to nasal root depression) 
and designing the mask to the lower limit 
of this dimension, the upper end of the 
mask would fall somewhere on the nasal 
bone for all but a very few men in each 
size category. For the second point, the 
increase in lip length* during a broad smile 
was studied on a sample of 27 men, who 
had an average increase of 0.41 inches 
with a standard deviation of 0.20 inches. 
The mean plus two standard deviations 
gives us then an expected increase in lip 
length of about 0.80 inches. By dividing 
lip length into 0.4-inch intervals, a satis- 
factory fit seemed achievable. 

On the basis of these data, a sizing sys- 
tem, having face length and lip length as 
the key dimensions, was established so as 


TABLE 4 
Design limits for faceforms 
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to theoretically include 96% of the 195d{j 
sample. Table 3 shows that by using 0.5)} 
inches for face length and 0.4 inches foxf) 
lip length, a 6-size program results. } 

The actual design values of the 24 dij 
mensions sculptured into the final face} 
forms depended on a number of speciall) 
considerations (see table 4). As previously}. 
indicated, the lower limit of face lengt | 


other dimensions were taken with the lips H 
in a relaxed or normal position; in workingt}}) 
with the faceforms, the designer must con : | 
sider the factor for increase of lip lengtht | 
during a smile. Next, the mean minus two 
standard deviations would insure a snug} 
and, therefore, leakproof fit for the nasall 


root breadth. The same limits were se- 
to restrict visibility for personnel who are! 


lected for interocular diameter so as not 


* Dimensions referred to are described in Hertz- 
berg, Daniels and Churchill (’54). Face length } 
is the sum of nose length and menton-subnasale | 
length. Check measurements made on a small. 
sample showed only trivial differences between if, 
face length measured directly and the sum of /§ 
menton-subnasale and nose length. 


Dimensions 


Design limit 


Face length 

Lip length 

Minimum frontal diameter 
Maximum frontal diameter 
Bizygomatic diameter 
Bitragion diameter 

Interocular diameter 

Biocular diameter 

Nose length 

Nose breadth 

Nasal root breadth 

Nose protrusion 

Philtrum length 
Menton-subnasale length 
Lip-to-lip distance 

Minimum frontal are 
Bitragion-minimum frontal arc 
Bitragion-menton arc 
Bitragion-submandibular arc 
Bitragion-subnasale arc 
Eye—tragion, vertical 

Nasal root—tragion, vertical 
External canthus—tragion, horizontal 
Nasal root—tragion, horizontal 


lower limit 
upper limit 
M'!—1S.D. 


| 
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mean difference 
mean difference 
mean difference 
mean difference 


1M, mean. 
2 See discussion. 


mall in this dimension. Since the mask 
jaust be large enough to accommodate 
{oth the width and protrusion of the nose, 
he mean plus two standard deviations ap- 
ipeared suitable for these dimensions. As 
yereviously noted, a composite dimension 
(may require particular attention. Use of 
she lower limit of face length presents 
juch a situation, and proportional values 
jvere computed for its component dimen- 
sions: nose length, philtrum length, lip-to- 
yip distance and menton-subnasale length. 
‘iach of these dimensions was expressed 
4s a ratio of the mean face length for the 
fparticular size with the final design value 
joeing determined by multiplying this ratio 
{with the design value of face length for 
the particular size. As an aid to the sculp- 
vor, the 4 vertical and horizontal relation- 
jships noted in table 4 were derived by sub- 
®-racting the various measurements. For 
= other dimensions the design limits were 
‘he mean minus one standard deviation 


r 


ysince the flexibility of the mask material 
ypermits coverage of persons with larger 
yfaces while, at the same time, the mini- 
imum values selected insure a tight seal for 
‘the narrow-faced individuals. 
} Figure 1 shows the resulting faceforms 
sused for sizing the new light-weight oxygen 
mask. In an initial fit-test, 149 of 150 sub- 
‘jects could wear their indicated sizes, 
-99.3% without leakage at the desired sim- 
fulated altitude of 41,000 feet.° Further- 
‘more, as had been hoped for because of 
>the deformability of the rubber, two of the 
jwide sizes could be eliminated. Several 
jhundred personnel have worn this oxy- 
igen mask during flights with excellent re- 
| sults, and it is soon to be placed in general 
; Air Force use. 
| Headforms 
_ The adequate sizing of hard-shelled hel- 
/mets is an especially complex problem, if 
_for two reasons only: first, the presence 
of the hard shell prevents the inherent 
adjustability found in, say, flexible oxygen 
| masks or in pressure suits; and secondly, 
- as Churchill and Truett (57) so thoroughly 
| report, conventional dimensions on the 
head have consistently low correlations 
| with each other. In a new effort to resolve 
this situation an experimental sizing sys- 
tem for helmet design was developed 
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LONG-NARROW LONG-WIDE 


REGULAR- WIDE 


REGULAR-NARROW 


SHORT-NARROW z SHORT-WIDE | 
Fig. 1 Six-Size Faceform Series. 


using head circumference as the single 
key dimension (Zeigen, Alexander et al., 
60). This dimension was selected for 
experimental trial over various other pos- 
sible combinations for a number of rea- 
sons. Practical experience demonstrates 
that the simpler the fitting criteria, the more 
likely they will be followed. Because head 
circumference approximates the standard 
hat size, it appears capable of fulfilling 


5 Altitude at which the oxygen regulator begins 
to deliver positive pressure; a poor seal would 
result in an outward flow of oxygen. 
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this requirement of simplicity. No spe- 
cial measuring device is needed to take 
the dimension whereas a special caliper 
is required to measure head length and 
breadth, the pair of dimensions frequently 
used in sizing systems. Being a single key 
dimension, it has the advantage of mini- 
mizing procurement problems. From the 
theoretical viewpoint, moreover, little prac- 
tical reduction in design values results in 
this case from using more than one key 
dimension. Lastly a single dimension lends 
itself much better to the elimination of 
alternate sizes should increased adjust- 
ability become available in the helmet 
support. In short, a single key dimension, 
if it can be made to serve, offers many 
solid advantages. Table 5 presents the 
intervals of head circumference for a 6- 
size program. When a one-inch interval 
of accommodation is possible, a three-size 
program can be derived by combining sizes 
1 and 2, 3 and 4, and 5 and 6, as shown 
in table 6. 

Three specific sizing programs were de- 
veloped as follows: a 6-size program de- 
signed to the mean, a three-size program 
designed to the mean, and a 6-size pro- 
gram designed for liner supports. The 
Statistics developed for the first program 
serve as the basis for the other two pro- 
grams. From the Six-Size Head Circum- 
ference Program, a series of headforms 
was sculptured to the mean values of the 
critical dimensions within each size inter- 
val of head circumference. The Three- 


TABLE 5 


Intervals of head circumference for a 
6-size program 


Size Head circumference 


21.0-21.5 
21.5-22.0 
22.0-22.5 
22.5—23.0 
23.0-23.5 
23.5-24.0 


OvuPwnre 


TABLE 6 


Intervals of head circumference for a 
three-size program 


Size Head circumference 
1-2 21.0—22.0 
3-4 22.0-23.0 
5-6 23.0—24.0 
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Size Mean Headform Series was formed 
by eliminating headforms 1, 3 and 5. Thij 
elimination of alternate sizes resulted in 
some skewed mean values. In a reana 


ysis of the data for three intervals of heaa] 


circumference, little practical differenc 
was noted in absolute values between th 


original group of three (sizes 2, 4 and 6) | 


and the reanalyzed group (combined size 
1 and 2, sizes 3 and 4, and sizes 5 and 6) 
For the design values of each dimensio 
within each size, the mean plus and minu 
1.65 standard deviations was selected, giv 
ing a theoretical coverage from the 5th t 
the 95th percentiles. It is obvious that the; 
designer must fabricate his helmet shells 
to cover the upper limits of these desig 
values. Table 2 demonstrates the values# 
so determined for two dimensions. 

While the mean headforms basically are! 
meant to be used for the design of helinets} 


having an adjustable sling or pad arrange-) 


ment, those helmets having a liner-type! 


Support (for example, foam rubber) pre-} 
sent somewhat different problems. These} 
liners are most conveniently formed di- i) 


rectly over the headforms with the shell 


being built over the liners—one shell ac-| 


cepting two or more liners. The mean 


headforms did not appear to provide ade- | 
quate coverage if used for liner helmets. | 


As a compromise, the mean plus one stand- 
ard deviation was selected as the basis 
on which to sculpture a different series of 
headforms. This would provide coverage 


up to the 84th percentile for each dimen- |} 


sion, even if there were no deformability 


of liner material. The practical differences |) 
between the 84th and the 95th percentiles |] 
on the head are small in absolute values, |} 
and it appeared reasonable to believe that | 
the natural compressibility of the liner |) 
material could cover this difference with- | 
out appreciably negating the protective or _ 
comfort qualities of the liner. Just as with | 


the faceforms previously discussed, a num- 
ber of variations from the basic approach 


were necessary and desirable. The design | 
limits finally selected for the liner pro- | 


gram appear in table 7. 


In this case, the upper limit of head 


circumference was used for each size. To 


prevent anomalies in the headforms, re- 


gression equation values to these upper 


limits were derived for those dimensions | 


TABLE 7 
Design limits for liner headforms 


Dimensions 


Design limit 


yitead circumference 


Loy 


upper limit 


jilead length regression 
)dead breadth regression 
iVlinimum frontal diameter M+ 1.65 S.D. 
ovlaximum frontal diameter M+1.65 S.D. 
»“3izygomatic diameter regression 
03igonial diameter M 
s3itragion diameter regression 
3iocular diameter M+1S.D 
“ nterocular diameter M+1S.D. 
sNasal root breadth M+1S.D. 
ace length M+1S.D. 
oVMenton-crinion length M+1S.D. 
ear length M+1.65 S.D. 
far breadth M+1.65 S.D. 
‘far length above tragion M+1.65 S.D. 
“ar protrusion M+1.65 S.D. 
videad height M+1S.D 
Menton projection M+1S.D. 
> =xternal canthus to wall regression 
»eNasal root to wall regression 
sTragion to wall regression 
Sagittal arc M+1S.D. 
»Bitragion-coronal arc M+1S.D. 
©VMinimum frontal arc M+1.65 S.D. 
7Bitragion-minimum frontal arc M+1.65 S.D 
»1Bitragion-crinion arc M+1S.D. 
Bitragion-menton arc M 
“Bitragion-submandibular arc M 
/Bitragion-posterior arc M+1S.D. 
~Bitragion-inion arc M+1S.D. 
°©Neck circumference M 
s{nternal canthus—tragion mean difference 
2Nasal root—tragion mean difference 
‘which form part of head circumference. 


‘In the forehead area, the mean plus 1.65 
‘standard deviations was chosen, since 
‘Alexander and Hertzberg (°57) had dem- 


gonstrated that larger 


dimensions are 


eneeded in this area to prevent discomfort 
jand resultant pain. Maximum ear dimen- 
‘sions insure accommodation of all ears in 
‘the liner. Lastly, because the wearer of a 
‘pressurized helmet has extreme difficulty 
in turning his helmet unless his face is in 
jcontact with the liner, efforts were made 
‘to sculpture the mean values for the crit- 
‘ical facial dimensions in order to minimize 


this problem. 


- In a preliminary fit-test of a helmet 
‘designed to the Three-Size Mean Head 
‘Circumference Program and its appropri- 
ate headform series, the 90 subjects tested 
were all accommodated in their appropri- 


ate helmet size. 


Figures 2A, B and C represent the Three- 
and Six-Size Mean Headform Series, the 
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former consisting of sizes 2, 4 and 6, and 
the latter of all the headforms shown.° 
Figures 3A, B, C and D demonstrate the 
differences between the mean headforms 
and liner headforms as illustrated by size 
4 of each series; the former is distin- 
guished by the letters HC and the latter 
by HCL. The black dots, which indicate 
dimension control points for the sculptor, 
include anatomical landmarks. The dot 
on the top of the mean headform is the 
point at which the bitragion-coronal arc 
intersects the mid-sagittal plane, with the 
true vertex being posterior to this point 
and about 0.1 inches higher; the same dot 
on the liner headform is at the true vertex. 

These headforms are designed for hel- 
met construction and should not be used 
for the design of equipment for the face. 
Certain dimensions in the forehead, eye 
and vertical facial areas were included 
only to insure helmet clearance of the 
eyes and face. 


Bodyforms 


More time and funds have been ex- 
pended in perfecting adequate sizing sys- 
tems for protective flying suits than for 
the two areas previously considered, de- 
spite their importance. Until recently, each 
manufacturer used his own commercial 
sizing techniques for his product, which 
made standardization of sizes very difficult. 
A study was initiated by the Anthropology 
Section to provide standard sizing tech- 
niques for all protective garments based 
on the known body size variability of the 
Air Force flying population. This study led 
to the formulation of the Height-Weight 
Sizing System (Emanuel, Alexander, 
Churchill and Truett, 59). It demon- 
strated that the two simple variables, 
height and weight, in general, showed the 
highest correlation with most other body 
dimensions important in clothing design; 
height correlated sufficiently well with 
most linear dimensions and weight did 
so with the lateral dimensions and girths. 
A number of sizing programs, varying 
from 4 to 20 sizes, were devised using 
height and weight as the key dimensions. 
Briefly stated, the Height-Weight Sizing 


6 Sculptured by Mr. Seth Velsey, Yellow Springs, 
Ohio. 
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Fig. 2A, B, C Three- and Six-Size Mean Headform Series. 


System results in carefully graded groups 
of sizes, each size accepting a definite 
known segment of the Air Force body-size 
distribution. To accomplish this, 1.5 stand- 
ard deviations is added to and subtracted 
from the mean values of each of 56 di- 


TABLE 8 


Eight-size height-weight sizing program 


Size 


Weight Height 

Small regular 125-149 63.00—67.50 
Small long 125-149 67.50—72.00 
Medium regular 150-174 64.50—69.00 
Medium long 150-174 69.00—73.50 
Large regular 175-199 66.00—70.50 
Large long 175-199 70.50—75.00 
X-large regular 200-224 67.50—72.00 
X-large long 200-224 


72.00—76.50 
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mensions within each size. At present, | 
the Six-, Eight-, and Twelve-Size Programs 
appear to offer the greatest number of 
potential applications. Table 8 sets forth 
the height and weight intervals for the 
Eight-Size Program. 

The Height-Weight System was intro- 
duced into several types of close-fitting 
garments for which previous sizing ap- | 
proaches had been ineffective. The resized 
articles, on the other hand, fit about 95% | 
of 225 flying personnel in their indicated 
sizes; an additional two to three per cent | 
could wear the next larger or smaller size, | 
Although this system has been objectively | 
proven, the data incorporated into three 
items were interpreted on each occasion | 


+ for the different manufacturers, 
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Liner Mean 


Liner Mean 


Fig. 3A, B, C, D Comparison Between Sizes 4 of the Mean and Liner Headform Series. 


which 


) took a considerable amount of time. Fur- 
» thermore, manufacturers’ representatives, 
‘having different backgrounds, understood 
| the data and interpretations differently. 
| Standard tailor manikins, when used for 
‘ design and fabrication, merely confused 


the issue, since whatever data which may 


; have been incorporated into them through 
> trial and error in no way approached the 


anthropometric data comprising the vari- 
ous height-weight programs. Therefore, to 


- achieve reasonable standardization of these 
_ variables, height-weight bodyforms were 


envisioned as an aid in reducing the com- 
plexities of applying anthropometric data 
and in eliminating the need for repeated 
interpretation by Air Force anthropologists. 
Such forms would be minus head, feet and 
hands, as the Height-Weight System does 
not provide for these body segments. 

For the first experimental three-dimen- 
sional representations of the body, the 
Eight-Size Height-Weight Program was se- 
lected since this appears to have greater 


potentional application than any other pro- 
gram (Alexander and McConville, in prep- 
aration ). These forms are in rigid, stand- 
ing position, with no _ provisions for 
movable segments. After resolving the 
problems concerned with building these 
bodyforms, more advanced ones with mov- 
able arms and legs are planned. The 
rigid forms are being built primarily to 
the upper limit for each dimension, that is, 
to the mean plus 1.5 standard deviations. 
In doing so, the problems which arise 
with a composite dimension appeared in 
several instances such as in attempting 
to integrate cervical height and vertical 
trunk circumference. As it turned out, 
the compromise taken actually enhances 
the ease with which the forms may be 
used by the designer. In the majority of 
the close-fitting protective suits made to 
date, the major consideration has been 
given to the torso area since this must 
conform to the body whereas there is 
no special disadvantage if the sleeves or 
legs of the garments are not of optimum 
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Fig. 4A, B Medium-Regular Bodyform, Eight-Size Height-Weight Series. 


length. Therefore, the dimensions in- 
cluded in the torso were held to the mean 
plus 1.5 standard deviations, while those 
for the lengths of the legs and of the 
elbow location were sculptured to the 
mean values. This approach for the limbs 
provides the designer with a more exact 
position for the point where the arm and 
leg joints must bend. Not only would it 
be impossible to build the leg segments 
to the mean plus 1.5 standard deviations 
and still maintain the total body dimen- 
sions, but it would also be a handicap to 
the designer who would then have to 
introduce some factor for the joint break- 
points. The end result is that the manu- 
facturer, in using these forms, would 


know the nude values of the maximum 
figure to be clothed in any given size, At 
the same time, he must be aware of the 
lower design values for each dimension to 
insure that the smallest person to wear 
each size would not be discommoded. Fig- 
ure 4 reflects the medium-regular size of 
the Eight-Size Height-Weight Series.* 


SUMMARY 
The anthropometric data gathered by 
the physical anthropologist may be used 
to design personal protective equipment. 
Since these data must be interpreted for 
the designer and engineer prior to their 


application to practical problems, the An- 


® See footnote 6, p. 153. 
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) thropology Section, Aerospace Medical Lab- 
* oratory, develops approaches to objectify 
) these ends. One recognized method is the 
}) presentation of each dimension under its 
+ mean, standard deviation and percentiles. 
© This approach is generally acceptable for 


q 
7} 


5 Sa a ee 


2S a oe i et tg 


we 


sd i ale eta 


lime 


ce TO , Se 


workspace situations requiring gross meas- 
urements. On the other hand, consider- 


i able confusion exists among designers in 


handling anthropometric data for close-fit- 
ting protective equipment, e.g., pressure 
suits, oxygen masks and helmets. The 
primary approach to this problem is to 
translate the anthropometric data into rep- 
resentative three-dimensional forms. Pre- 
vious efforts along these lines are inade- 
quate for present problems. In all of the 
current approaches, statistical sizing sys- 
tems are set up on the basis of key dimen- 
sions, which serve as fitting dimensions 
in the field; sizing programs, including 
minimum and maximum design values, 
are established by dividing the key dimen- 
sions into appropriate size intervals; and 
a series of forms are sculptured to a par- 
ticular sizing program. Forms have been 
developed for the face (key dimensions 
are face length and lip length); head 
(using head circumference as a single key 
dimension); and the body (based on the 
key dimensions height and weight). Oxy- 
gen masks, helmets and high-altitude pro- 
tective clothing designed to the reanalyzed 
data and to the resultant forms have elim- 
inated a number of critical sizing problems 
in the Air Force. 
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Stature and Build of Hawaii-Born Youth of 
| Japanese Ancestry’ 
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It is now a generally accepted fact that, 


| although the potential stature of any in- 
| dividual may be governed by heredity, en- 


vironmental factors play an important role 


| in determining the stature which is actually 


achieved. A number of studies (Bowles, 


| 732; Boyne and Leitch, ’54; Ito, 42; Lasker, 
1°46; Shapiro, 39; Spier, 29) of various 


racial groups have indicated a marked 
trend toward increasing heights in the 
younger generations. Many of these re- 
ports have also included studies of 
other physical measurements which show 
changes in bodily form. 

Special reference is here made to stud- 
ies on Japanese. Spier (’29) found boys 
and girls of Japanese ancestry in Seattle 
to be taller than children of the same ages 
in Japan; while Ito (’42), who confined 
his studies to Japanese women in the 
United States and Japan, found those in 
the United States developed most rapidly, 
those in Japan were the slowest, and the 
migrant groups fell between the means for 
the first two groups. More recently Greu- 
lich (57) has compared the growth and 
development of American-born and native 
Japanese children from 5 to 18 years of 
age and found the California Japanese 
children to be taller, heavier, and more 
advanced skeletally than the native Japa- 
nese. Data from Shapiro’s (’39) study of 
Japanese in Hawaii and their relatives in 
Japan, or people from the same area as 
the migrants, will later be compared with 
our results. 

In 1944 the author (Miller, *45) re- 
ported a study of the stature of 445 high 
school girls of Japanese ancestry, 15 to 18 
years of age, and their mothers. The mean 
heights (154.0 to 155.7 cm) of these girls 
born in Hawaii in the different age groups 
were from 4.2 to 5.1 cm greater than the 
mean heights of the mothers. But it was 


noted that the mean stature of all the girls 
(154.9 cm) was considerably less than that 
of 666 girls 15 to 18 years of age measured 
at the University of Iowa in 1936 whose 
mean height was 161.1 cm (Boynton, ’36). 

The original purpose of the study here 
reported was to examine some cooperative 
University students (all citizens of the 
United States of America born in Hawaii), 
to appraise the condition of their teeth, to 
make certain limited physical measure- 
ments, supported by photographs in the 
near nude, to obtain a history of past die- 
tary habits, and to learn, if possible, any 
relationship between diet, teeth, and stat- 
ure. 

Students of Japanese ancestry were 
chosen for study because they represent a 
large ethnic group in Hawaii and because 
the author believed that over a period of 
almost 30 years, she had noted an increase 
in their stature but no improvement or 
deterioration in the state of the teeth. 

The study of the teeth already published 
(Miller et al., 52) showed a high dental 
caries rate of 17 DMF per person by oral 
clinical examination and 19 DMF per per- 
son when the defective teeth detectable by 
x-ray were added, plus third molars only if 
filled or decayed. 

This paper presents background mate- 
rial regarding the subjects, procedures 
used, data on heights and weights, and 
comparisons with published results. The 
paper which follows will discuss the so- 
matotypes of these subjects. 


MATERIALS AND METHODS 
Subjects 
The subjects were recruited largely 
through the assistance of the instructors 


1 Published with the approval of the Director of 
the Hawaii Agricultural Experiment Station as 
technical paper no. 461. 
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in the physical education classes at the 
University of Hawaii. Some of the women 
were majors in Home Economics and a 
few volunteered because their friends were 
subjects. A few of the students who began 
the study failed to cooperate fully, but 
complete data on body build was obtained 
for 104 men and 104 women. 

Since complete cooperation and con- 
siderable time were required to obtain the 
necessary information, the subjects were 
volunteers rather than chosen by any 
special method of selection. It is believed 
that they represent a good cross-section of 
the students of Japanese ancestry attend- 
ing the University, based both on the al- 
phabetical list of names, the islands on 
which they were born, and the professions 
of their fathers. 

The subjects came from all the larger 
islands of the Hawaii chain. Table 1 gives 
the distribution of subjects by islands com- 
pared with the percentage distribution of 
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the total island population. As not all the 
subjects had always lived in the same} 
place, table 1 shows the place of residence | 


for all or most of their lives. This distribu- | 


tion between islands is similar to that for | 


the total population, in that a larger per- | 
centage of the students lived on the island } 


of Oahu than on the other islands. How- | 
ever, it does not follow the general distri- 
bution closely as in most cases a larger per 
cent, especially of the men, came from the | 


outer islands. Although no men appear to | 


have come from the island of Lanai, one 
was born and lived there almost half his 
life before moving to Oahu and two of the 
women came from that island. 

The occupations of the fathers (or pre- 
vious occupation if not living at the time of 
the study) shown in table 2 indicate a 
rather wide range of pursuits with only a 
few in the professional class. 


All parents were Japanese, born abroad | 


or in Hawaii. Birthplaces for the parents 


TABLE 1 


Subjects’ place of residence for all or most of life compared with island population 


Subjects 


Island population 
50 census 


Women (both sexes ) 
Ll hE ctr 
% % 


Island 
Men 
Oahu 
Urban 38.5 
Rural 7.7 
Hawaii BPA | 
Kauai 18.3 
j Maui TOS 
Molokai 1.0 
{ Lanai 
Total 100.1 
Number 104 


51.9 57.4 
10.6 13.2 
17.3 13.7 
10.6 6.0 
6.7 8.0 
1.0 1.0 
1.9 0.6 
100.0 99.9 
104 499,794 


ue eee 


TABLE 2 


Occupations of fathers of the subjects 


Clerical, general store and other small business 18 28 
Agricultural pursuits (farmers, gardeners, field 

laborers, nurserymen ) 34 20 
Mechanical pursuits (mechanics, plumbers, electricians, 

tractor operators, etc.) 11 20 
Building pursuits (carpenters, contractors, painters ) 9 12 
Miscellaneous (a wide variety of occupations, e.g., teacher, 

commercial artist, tailor, laboratory analyst, landlord, 

chef, foremen, etc.) 32 24 
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“| of the male subjects were as follows: both 
parents born in Japan, including Okinawa, 
54.81%; both parents born in Hawaii, 
‘} 19.23% ; one parent born in Japan and 
“one in Hawaii, 25.96%. 


For the female 
subjects, the birthplaces of the parents 


‘i were: both parents born in Japan, includ- 
‘} ing Okinawa, 50.00% ; both parents born 
‘in Hawaii, 19.23%; one parent born in 
‘ Japan and one in Hawaii, 30.77%. 


No effort was made to distinguish be- 


‘i tween those students whose parents came 
\) from Okinawa and those who came from 
‘j, Japan proper. Judging from the surnames 
‘ of the students, approximately 8% of the 


men had surnames that could be either 
Japanese or Okinawan in origin, 14.4% 
had surnames that would almost certainly 
indicate that the fathers were of Okinawan 
origin. For the girls 15% of the surnames 
might be either Japanese or Okinawan and 
11.5% were quite certainly of Okinawan 
origin. No similar information regarding 
the mothers’ surnames was obtained. 

All the women were studied between 
March 2, 1948, and October 18, 1948, and 
the men from November 5, 1948, to May 
17, 1949. 


Procedure 


The subjects came to the laboratory and 
conference room according to a _ prear- 
ranged schedule. Approximately an hour 
was required to obtain personal data relat- 
ing to birthdate, place of birth, residence, 
parents’ background, and dietary history. 
Then the subjects were weighed, meas- 
ured and photographed. Each was sched- 
uled for an oral dental examination on the 
campus, and for x-rays of teeth and hand 
by a professional x-ray specialist. 

Body weights were determined by using 
a spring scale that was checked in the Uni- 
versity Physics Department with accurate 
weights. Within the range of the students’ 
weights (80 to 190 pounds), the deviations 
of this scale from the true weights were 
found to be 0 to % pound. Although 
greater accuracy might have been desira- 
ble, the diurnal variations in weight and 
the effect of humidity make it unlikely 
that a better scale would have added 
greatly to the accuracy of the weights. 
The women were weighed with only a 
piece of clean sheet as a sarong; the men 
wore shorts or athletic belts. 
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Special measuring devices were built for 
the purpose of determining standing and 
sitting heights. A one-inch board 15” X 
15” formed a small platform to which an 
upright board was attached and firmly 
fastened to the wall. On the upright, 
slightly to one side, a paper centimeter 
scale was carefully pasted. The subject 
stood on the platform and was instructed 
to stand erect with eyes straight ahead and 
chin drawn in. A right-angled board with 
handle, and a cleat to catch the edge of the 
upright, was lowered until it touched the 
crown of the head. This measurement 
was repeated several times to check the 
stature. 

The “chair” for sitting heights had a 
seat 46 cm from the floor with a straight 
flat back on which a paper scale was pasted 
slightly to one side. All female subjects 
were measured with the feet on the rung 
of a stool so that the knees were slightly 
higher than the hips. The sitting heights 
of the male subjects were measured in the 
same manner, but also with the thighs at 
right angles to the trunk and knees bent in 
the natural position as described by 
Hrdli¢ka (’39) for the International Stand- 
ards. In both cases the sacral region and 
the shoulder blades were in contact with 
the straight back and the head was held 
erect, eyes straight ahead, and measure- 
ments taken as for height. (The slight 
differences between measurements ob- 
tained by these two methods will be dis- 
cussed later.) 

It was not possible to obtain heights and 
weights of all like-sexed parents. In a few 
cases the parent was not living. If the 
parents could be reached and were willing 
to be weighed or measured, the values 
were obtained by the author. In some 
cases the sons or daughters were asked to 
record the difference in the stature of the 
like-sexed parent in the following manner. 
A piece of paper was firmly affixed to some 
flat surface like a door jamb with thumb 
tacks or tape. By using a book with firm 
back, the heights of the parent and off- 
spring were marked clearly on the paper. 
This paper was brought to the author who 
estimated the parent’s height from the 
son’s or daughter’s height that had been 
carefully determined in the laboratory. 
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Photographs 


The subject stood on a platform 20” 
from the floor against a black background 
which was 43” X 71” in a white frame. 
A frame with lumalights was placed about 
50” from the background. This frame, 
89” high and 51” wide, had 4612” luma- 
light globes at the top and bottom and on 
each side were two globes, one 4612” and 
one 22” in length. 

An Eastman View Camera no. 2D (5” X 
7”) was used so that the center of the lens 
was about 54” from the floor. The distance 
from lens to subject was 72 = 3 inches. 

To obtain the cooperation of the stu- 
dents, it was necessary to conceal the face. 
Since the photographs taken to show front, 
back, and side views were used for the 
somatotype ratings, they are included in 
the second paper. 


RESULTS AND DISCUSSION 


The ages of the subjects ranged from 18 
to 23 years with a mean of 19.31 for the 
men and 19.58 for the women. The men 
of ages 18 to 19 may not have reached 
their full stature and may have grown a 
little after they were measured if they fol- 
low the pattern of Caucasians measured 
in the Harvard study ( Shuttleworth, ’39). 
Since all the women were 18 years of age 
or older they had doubtless achieved their 
full stature, judging from the Iowa and 
Harvard studies of girls 15 to 18 or 19 
years of age, although the university and 
college women studied in the North Cen- 
tral Region showed small progressive in- 
creases in height and weight for ages 17, 
18, and 19 (Donelson et al., 40). 

The x-rays of the hands showed com- 
plete skeletal maturity when compared 
with Greulich and Pyle’s radiographic 
standards (Greulich and Pyle, ’50) except 
for one female subject, age 20, and one 
male subject, age 19, for which the epiph- 
yses of the radius did not show com- 
plete closure. 

The data on heights and weights of all 
subjects are presented in the Appendix 
and summarized in tables 3 and 4. A 
separate tabulation is given for those stu- 
dents whose fathers and mothers were 
measured and weighed, in order to make 
the data comparable. However, in the 
matter of stature, the mean for 80 men 


CAREY D. MILLER 


whose fathers were measured, differs from 
that of the total number (104) by only 
0.6 cm, equivalent to the standard error 
of the mean. The 83 daughters whose 
mothers were measured had a mean 
height only 0.3 cm less than that for the 
104 subjects. | 

The frequency distribution of heights | 
(table 3), the range of 33 cm in stature, 
and the standard deviation, all indicate a 
wide variation in heights of the 104 men. | 
There is an even wider range in weights. 
The variations in the heights and weights 
of the fathers are similar. The mean 
height of the 80 sons is 7 cm greater than 
that of the fathers; 90% of the sons were 
taller than the fathers. 

Compared with the recent data of J 
Sturzebecker (50) for men 18 and 19 © 
years of age measured in certain colleges 
and universities in Pennsylvania and Dela- 
ware, the University of Hawaii students of 
Japanese ancestry are about 10 cm shorter. 

Compared with Shapiro’s data on 188 
men of Japanese ancestry born in Hawaii 
and measured in 1931-32, the mean stat- 
ure of the men in this study is 4.0 cm 
greater (table 5). 

The women also showed a wide range 
in stature of 26 cm, only 4 cm short of that 
shown by the men, but the frequency dis- 
tribution table for heights (table 3) shows 
a narrower range than that for the men. 
Their increase in height (5.7 cm) over 
that of the mothers as might be expected 
is less than the difference in the mean 
statures for the fathers and sons, although 
86% of the daughters were taller than 
their mothers. 

Shapiro’s data on stature for women 
summarized in table 5 show that in 1931-— 
32 females in Japan were shorter than the 
immigrants and the immigrants were 
shorter than those born in Hawaii. Our 
subjects were 5.5 cm taller than his Ha- 
waii-born females, a greater increase than 
shown for the men above. 

The stature of the University of Hawaii 
Japanese-American women is less than 
that of young women of college age 
measured by a number of investigators on 
the United States mainland. The women 
measured in state universities and colleges 
of 5 states of the North Central Region 
were chosen from among the general stu- 


163 


STATURE AND BUILD OF YOUTH OF JAPANESE ANCESTRY 


GG €6r Lott €sI-— 18 90 eS L’6bT L°O9T-€'6ET €8 SIOYIOW 
Sue 9ET €°601 S’OST—-S'G8 sO VP PSST S°89I—0' EPL €8 s1az4sned 
PT Lvl 6601 ST9OT-S°G8 POT v0 VP /e SSBEHE T'691—-0'€PL vor Pperpnys s197ySnNep TLV 
UdULo M 
Oe S’6T OPEL s9I- 88 L'0 £9 P'O9T SiCLlS Or L 08 CER RIEU 
GG OFT SOL O°9LT—-S'E0T 40 19 PLOT GS8I-P'GST 08 eu0S 
oT T9r 8OEL O°L6T—S"O0T POL 9°0 6S 8991 S’S8I-P'GST vOr Perpnys SUuOS [TV 
uaW 
Sq] Sq] Uo wo 
as ‘as ued osury ‘ON ‘aS ‘a's uvoy| asuey ‘ON 
S7Y3TI MA szys1oH 
sjuaivd paxas-ayy puv szoalqns fo szybiam pun szybiayH 
b ATAVL 

I S’661-9'€6T 

S’E6T-9'L8T 

T GL8T-9 TST 

IT So LSiso Sr 
ib G'SZI—9' 691 T G’S8I-9'°C8T 
T G S°69T—-9'E9T I S°G8I-9'6LT 
G T G SP) ie) Ai € CIOL TSOOAL 
G’ZST-9O' TST Uh L SOLT-9 LT 
€ T P S SUSTSO SPL € Ir S’ELI-9 OLT 
v v 9 GL G’SDI—-9'6ET G S 1G SHOVa Ee /AE)t 
9 T 4 wl! S°6ET—-9 Cel T vl vG GS LOT—-9'P9T 
v v 9 91 SEel-9 LSI 9 6 81 SAU NE 
8 8 v 8L SZCTSO TCL “| TT 61 6 SLO PS ORS Sip 
GL GL v ssi STcrsoSire 3) Te oT 9 S'8ST-9'SST 
6 gt S 6 SST E-9 60L €L €€ S G SSSI OcSr 
6 0G IT G S°60T—-9°€0T oT GL S IT S’GST—-9'6FL 
8 GL T v S’€OI-9'L6 LT ss) G S'6PI-9'9FT 
S 61 G G46 —9 16 oT G S9PI-9' EPL 
c v v SS SSIs 8 T G S'EPI—-9 OFT 
7é IG SiO ell G S'OPI-9'LET 

siay}JOJ. + siazysne(q sIoyIe J suos SIayOJ. + si9yysneqg sroyje qT suos 
spunog wo 
Ss} 310M sz Sto 


szyb1am pup szybiay fo uoynqiysip Rouanba.y 


€ ATaVL 


164 


CAREY D. MILLER 


TABLE 5 


Comparison of Shapiro’s data on Japanese subjects with data on 
University of Hawaii students 


Shapiro’s data This study 
Sedentes Immigrants Hawaii-born are 
Men 
Age 20-64 20-64 20-49 18-23 
No. of heights iNVAil 178 188 104 
Mean stature (cm) 158.4 158.7 162.8 166.8 
Mean sitting ht. (cm) 84.5 83.1 85.5 90.7 
Mean total leg length (cm) orgs) 75.6 77.4 76.1 
No. of weights 143 174 185 104 
Mean weight (lbs. ) 119.8 124.0 127.4 130.8 
Women 

Age 20-64 20-64 20-49 18-23 
No. of heights 91 93 91 104 
Mean stature (cm) 146.0 148.5 150.2 155.7 
Mean sitting ht. (cm) 78.9 78.8 78.9 84.7} 
Mean total leg length (cm) 67.1 70.2 WES 70.91 
No. of weights 71 78 86 104 
Mean weight (lbs. ) 104.4 113.0 103.3 109.9 


1 Mean of 103 women. 


dent body because they were in good health 
(Donelson et al., 40). The mean for those 
18 years old was 163.6 cm and for 19 
years, 164.0 cm. Sturzebecker (50) re- 
ported a mean height of 162.80 cm for 
150 young women 19 years of age in 
eastern schools and colleges. A large study 
of more than 10,000 women undertaken 
by the United States Department of Agri- 
culture with the purpose of establishing 
standard measurements for pattern makers 
(O’Brien and Shelton, 41) gives the mean 
height of native-born women 18 to 29 years 
as 161.5 cm. These data include only a 
very small percentage of university and 
college women. The Metropolitan Life In- 
surance Company Statistical Bulletin (’42) 
regards the U.S.D.A. averages as too low. 
However, the U.S.D.A. figure given above 
is only 1.3 cm less than Sturzebecker’s fig- 
ure for 19-year-olds and 2.5 cm less than 
the North Central States means. When 
one considers that university and college 
students usually represent a select group 
that has had relatively greater economic 
and social advantages, the magnitude of 
the differences are not great. 

The mean for our female subjects of 
155.7 cm is 5.8 to 8.3 cm less than the data 
for heights of the Caucasian-American 
groups cited above, and since only 9 of the 
University of Hawaii women of Japanese 


ancestry equal or exceed the U.S.D.A. and | 
Sturzebecker means, it is obvious that 
most of them are of small stature when 
compared with Caucasian-Americans. 

“Leg lengths” (table 5) were derived by 
subtracting the sitting heights from the 
standing heights for each subject. As men- 
tioned on page 161 sitting heights of the 
women were taken as recommended for 
“stem length” by Dreyer (719) with the 
knees elevated by placing the feet on the 
rung of a stool, to position the upper leg 
at about a 45° angle with the trunk. For 
the men, the stem lengths were taken in 
the same manner, but sitting heights were 
also taken on a “chair” as recommended 
by Hrdli¢ka (quoting the Geneva Agree- 
ment) (39) with the knees flexed, the 
feet on the floor and the lower leg at right 
angles to the upper leg. The differences in 
these two measurements for the men were 
usually less than 0.4 cm. It is therefore be- 
lieved that the figures for stem length of 
the women are essentially those of sitting 
height. 

The increase in stature of these young 
people over those measured by Shapiro was 
not the result of an increase in leg length 
as was anticipated (table 5). Exposure to 
sunshine in Hawaii should have promoted 
the formation of ample vitamin D which 
is generally accepted as Causing an in- 


jorease in leg length (Sherman, ’52). Trunk 
jength as such was not determined, but 
jsitting heights, which are closely related 
|-o trunk lengths, showed for both our male 
jand female subjects a marked increase 
jover the values reported by Shapiro (table 
D:). 

| It is interesting to compare our figures 
for stature with the data in a recent publi- 
jcation from Japan (Ministry of Health 
jand Welfare, 57) which proposes, for age 
/19 years, standards of 161.8 cm for males 
jand 151.0 cm for females for both urban 
jand rural areas. Most of the University of 
{Hawaii men and women exceeded these 
jstandards as may be noted from tables 3 
jand 4. Some of the average heights by 
/years given separately for urban and rural 
areas of Japan exceed their recommended 
jstandards. The greatest average heights 
jfor men 19 years of age were in 1955, 
} 163.8 cm in urban and 162.7 cm in rural 
gareas. The greatest average heights for 
“women 19 years of age were in 1956, 
{152.4 cm in urban and 150.9 cm in rural 
/ areas. (Data are given by years from 1947 
to 1956 inclusive and from birth to 71 
} years. ) 

Greulich’s data (57) for American-born 

Japanese show boys of 18 years to have a 
#mean stature of 169.2 cm which exceeds 
} the Hawaii mean for 19-year-old boys by 
2.4 cm. However, his California-born girls 
}of 18 years had a mean stature of 154.2 
{cm compared with the mean for our 19- 
{ year-old girls of 155.7 cm. 
A number of factors have probably con- 
| tributed to the increased stature of these 
(young Americans of Japanese ancestry 
compared to their parents, including cli- 
mate and medical care, but food is be- 
lieved by the author to be the chief cause. 
Changes in food habits will be discussed in 
a forthcoming paper on the dietary history 
of these subjects. 

The data reported here suggest the de- 
sirability of making more extensive height- 
weight studies on people of Japanese an- 
cestry in Hawaii at 10-year intervals in 
order to follow the changes resulting from 
environment in this area. 

Since the efforts of nutritionists to im- 
prove the quality of the diet of all people 
(especially through infancy, childhood, and 
youth) and thus improve general health 
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and physical fitness is also resulting in in- 
creasing the size of people everywhere, it 
seems pertinent to inquire whether this 
continuous increase in stature is really 
desirable. Do people of greater stature 
show superior health, longer productive 
lives, and greater mental achievements? 

Certainly the problems of providing an 
adequate food supply are increased when 
it is necessary to furnish calories and other 
nutrients for men of 6 feet and more com- 
pared with men of moderate stature. 

While there is no lack of data to prove 
the general association of a greater and 
earlier mortality for those overweight com- 
pared with those of more average weight, 
the data relating stature and mortality and 
physical fitness are relatively sparse and 
somewhat conflicting. 

The Metropolitan Life Insurance Com- 
pany (Statistical Bull., 37) made a study 
of 20,000 tall men (6 feet 2 inches in 
height and over) and concluded that they 
had a practically normal mortality and 
that most tall men are physically normal. 

Seltzer (46) after studying 300 avia- 
tion cadets and several groups of college 
students, principally freshmen at Harvard 
College, concluded that there is a “virtual 
absence of relationship between stature, 
weight (and certain other measurements ) 
with physical fitness.” 

Dr. Morrell L. Isley (40) as a result of 
studying 358 college men stated “the taller 
the man the more apt is he to be ill” and 
“the heavier the man, the more apt is he 
to become ill.” Nevertheless, he concluded 
there was no association between physical 
fitness and height. 

The effects of certain endocrine glands 
on extremes of stature are well recognized 
but a discussion of these factors is outside 
the scope of this paper. 

The problem of whether or not there is 
any relationship between intelligence and 
height and intelligence and weight has 
intrigued people for many years. Almost a 
100 years ago Sir Francis Galton (1869) 
came to the conclusion that men of genius 
tend to be above average in height and 
weight. As a result of their study of 490 
De Pauw University freshman, Middleton 
and Moffett (40) point out that while 
there are slight positive relationships be- 
tween intelligence and height or weight, 
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they are so small as not to be useful as a 
means for predicting the probable intelli- 
gence level of any given individual. They 
state further that “perhaps the important 
point to emphasize is the fact that physical 
status and intellectual status are largely 
independent of each other.” 

Since there appear to be no advantages 
accruing from the general increase in 
stature, the challenge for the future is to 
learn how to provide all food nutrients in 
the proper quantities needed for optimum 
health and yet keep the size of the human 
frame within reasonable limits. 


SUMMARY 


Japanese-Americans (Hawaii-born stu- 
dents of Japanese ancestry) at the Univer- 
sity of Hawaii who volunteered to cooper- 
ate were the subjects for a study of heights, 
sitting heights, and weights. Measure- 
ments were made on 104 males, average 
age 19.31 years, and 80 fathers; and 104 
females, average age 19.58 years, and 83 
mothers; 90% of the men and 86% of the 
women were taller than their like-sexed 
parents. 

The means for stature of the Japanese- 
American men and women exceeded those 
of Japanese ancestry previously measured 
in Hawaii and those recently measured in 
Japan but were considerably smaller than 
the means for similar groups of Caucasian- 
Americans studied on the mainland U.S.A. 

Some aspects of the problem of the gen- 
eral increase in stature of men and women 
are discussed. 
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APPENDIX 
TABLE 6 
Heights and weights of daughters and mothers 
A a ‘ 
Study Height Pane Weight 
“thoh Daughter Mother Daughter Daughter Mother 
cm in} cm int cm lbs. lbs. 
3 151.0 59.4 142.0 55.9 83.5 118.0 98 
4 153.2 60.3 145.0 fol! 84.0 104.0 94 
5 168.5 66.3 146.3 57.6 89.6 113.5 90 
6 155.9 61.4 150.3 59.2 85.0 LBs 15 
7 155.2 61.1 149.4 58.8 85.4 102.5 107 
8 148.2 58.3 150.6 59.3 82.6 97.0 119 
9 157.4 62.0 — ~- 88.0 96.0 — 
10 £55.5 61.2 Lote 59.5 85.2 126.0 119 
11 151.7 59.7 146.3 57.6 83.4 9325 94 
12 160.2 63.1 154.0 60.6 86.1 108.0 118 
14 160.4 GSaL 149.5 58.9 85.4 120.0 81 
15 158.3 62.3 154.0 60.6 85.0 116.0 LS 
16 151.9 59.8 153.0 60.2 83.4 104.0 135 
ey, 156.7 61.7 154.6 60.9 83.5 108.5 TSS 
18 165-1 65.0 159.5 62.8 86.6 123.0 128 
19 159.2 62.7 — — 87.9 91.0 —_— 
20 160.1 63.0 154.7 60.9 85.3 144.0 148 
21 153°3 60.3 146.1 57.5 84.4 96.0 120 
22 158.1 62.2 147.8 58.2 86.4 106.0 99 
23 148.6 58.5 142.8 56.2 82.1 102.0 89 
24 154.4 60.8 143.3 56.4 84.7 95.5 86 
25 158.1 62.2 158.2 62.3 86.1 125.0 160 
Pall 159.4 6257, 151.4 59.6 87.3 150.5 118 
28 LSi2 61.9 145.7 57.4 88.6 114.0 iba Ll 
29 148.8 58.6 LSS 62.3 83.8 100.0 126 
30 148.9 58.6 143.7 56.6 81.9 87.5 — 
31 153-7 60.5 143.7 56.6 80.3 102.0 84 
34 158.6 62.4 afew loi] 99.5 84.5 115.0 148 
35 160.9 63.3 _- — 85.9 106.0 — 
36 161.3 63.5 — ~= 87.0 114.0 _- 
oT 158.2 62.3 159.4 G2 88.2 114.0 1b 
39 150.4 59.2, 142.0 55.9 81.0 7.5 137 
40 144.4 56.9 139.7 55.0 80.6 LOLS — 
41 156.4 61.6 — — 84.1 119.0 — 
42 156.7 61.7 154.5 60.8 8o.2 99.0 116 
43 169.1 66.6 — — 92.7 161.5 — 
44 155.4 61-2 — — 84.8 110.0 a 
45 153.8 60.5 148.2 58.3 87.0 90.0 95 
46 153.5 60.4 — — 86.6 96.0 — 
47 1552) Gir 154.0 60.6 85.4 100.0 138 
48 158.5 62.4 144.0 DOr7. 86.0 108.5 98 
49 158.1 62.2 153.8 60.5 83.2 99.0 142 
51 151.4 59.6 159.0 62.6 80.2 131.5 122 
52 162.5 64.0 154.5 60.8 90.5 NSO) 116 
53 154.9 61.0 1515 59.6 85.0 131.0 158 
54 154.5 60.8 — — 84.2 11325 — 
56 157.9 62.2 151-3 59.6 86.4 112.0 183 
57 162.1 63.8 144.0 56.7 84.8 L570 104 
58 GPA 7/ 64.0 147.2 58.0 88.5 109.0 140 
59 15357. 60.5 — — 82.0 93.0 — 
61 154.6 60.9 147.0 57.9 83.6 119.0 100 
62 153.9 60.6 155.7 Giles 84.9 107.0 123 
63 15333 60.3 147.6 Ss8el 87.6 93.0 116 
64 153.8 60.5 152.0 59.8 83.1 95.0 140 
65 156.9 61.8 151.8 59.8 83.8 US 130 
66 156.5 61.6 148.8 58.6 85.0 114.0 od! 
67 155.4 61.2 — — 84.2 124.0 a 
68 LS Ie? 99.5 142.3 56.0 84.2 113.0 100 


69 158.4 62.4 142.9 56.3 87.3 142.0 114 
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TABLE 6 (Continued) 
Heights and weights of daughters and mothers 


prudy Height ene Weight 
pe Daughter Mother Daughter Daughter Mother 
cm int cm in. cm lbs. lbs. 
70 156.4 61.6 160.7 63.3 85.0 123.0 123 
el 154.0 60.6 159.3 62.7 81.8 ils 140 
he 151.1 59.5 150.9 59.4 83.2 93.0 114 
73 143.0 56.3 141.6 55.7 Te 82.5 119 
75 154.3 60.7 150.4 59.2 85.1 100.0 91 
76 152.8 60.1 147.0 57.9 85.3 83.5 106 
78 159.4 62.7 152.8 60.1 87.6 123.0 105 
80 146.0 57.5 152-2 59.9 79.2 94.0 110 
82 155.2 61.1 154.4 60.8 84.6 105.5 116 
83 153.4 60.4 ae — 82.4 134.0 _ 
84 152.8 60.1 147.7 58.1 81.7 119.0 124 
85 155.6 61.3 139.3 54.8 85.3 120.0 88 
86 153.3 60.3 146.3 57.6 82.8 98.0 97 
87 156.2 61.5 —_— — 86.0 117.0 = 
88 148.7 58.5 147.5 58.1 82.4 96.0 115 
89 151.3 59.6 — — 81.7 97.0 — 
90 151.9 59.8 145.7 57.4 82.5 97.5 138 
91 155.4 61.2 147.5 58.1 85.2 97.0 123 
92 157-3 61.9 — — 84.4 142.0 — 
94 157.4 62.0 — — 87.3 104.0 — 
95 153.1 60.3 148.3 58.4 83.6 91.0 118 
96 155.6 61.3 156.0 61.4 83.9 100.5 195 
97 158.1 62.2 153.6 60.5 83.3 97.0 109 
99 161.9 63.7 — —_— 89.0 142.0 = 
100 154.5 60.8 _— —_ 83.1 105.0 — 
101 154.1 60.7 147.6 58.1 83.2 117.0 95 
102 157.2 61.9 143.7 56.6 83.2 111.0 105 
103 154.5 60.8 151.0 59.4 86.3 109.0 — 
104 160.5 63.2 146.0 57.0 86.0 106.0 102 
106 158.0 62.2 148.6 58.5 83.9 123°5 — 
107 158.3 62.3 148.1 58.3 85.8 107.0 107 
108 156.2 61.5 150.8 59.4 86.7 133.0 128 
109 159.3 62.7 155.2 61.1 85.2 132.0 133 
110 161.9 63.7 145.2 57.2 86.6 121.0 104 
ala 158.4 62.4 —_ —_— 86.1 104.0 — 
112 149.7 58.9 — — 80.8 96.0 — 
113 163.0 64.2 157.8 62.1 86.2 108.0 102 
114 155.5 61.2 144.0 56.7 83.8 103.0 108 
115 154.0 60.6 T5350 60.4 83.5 92.0 147 
116 157.1 61.8 — —_ 85.1 104.0 —_— 
aly Of 158.0 62.2 152.4 60.0 85.7 110.0 iI.) 
118 156.0 61.4 alow Vere 59.7 86.9 107.5 110 
119 153.4 60.4 147.9 58.2 85.0 108.0 — 
120 150.0 59.1 142.8 56.2 84.1 94.0 102 
121 152.5 60.0 155.0 61.0 81.9 110.5 137 
Height Weight 
Daughter Mother Daughter Mother 
== aah be ay En or RE Fo or Pare 
al no. 104 83 104 78 
See 155.7 149.7 109.9 116.7 
Ss. D. 4.4 5.1 14.7 19.3 
S.E. 0.4 0.6 1.4 2.2 
83 daughters whose mothers were measured 78 daughters whose mothers were weighed 
ean 155.4 109.3 
- D. 4.4 13.6 
S. E. 0.5 1.5 


1 Conversion table 33—centimeters to inches. Rose’s Laboratory Handbook for Dietetics. 
C. M. Taylor and G. Macleod. MacMillan, New York, 1949. 
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TABLE 7 
Heights and weights of sons and fathers 


Study Height eee Weight 
m0 Son Father con Son Father 
cm in} cm in} cm lbs. lbs. 
130 168.6 66.4 160.0 63.0 92.3 126.5 133 
TS 173.0 68.1 162.5 64.0 94.5 103.5 110 
132 164.0 64.6 154.0 60.6 88.0 120.0 88 
133 161.4 63.5 — = 92.0 145.0 —- 
134 170.7 67.2 166.2 65.4 94.0 121.0 128 
135 168.6 66.4 161.2 63.5 90.5 127.0 110 
136 163.3 64.3 161.3 63:5 89.3 120.0 — 
137 160.4 63.1 155.7 61.3 86.6 LUD5 108 
138 164.3 64.7 — — 89.3 140.0 _ 
139 166.0 65.3 158.5 62.4 90.6 122.0 120 
141 163.8 64.5 161.2 63.5 87.6 105.5 128 
142 LAS) 4 70.6 170.2 67.0 97.5 197.0 — 
143 170.4 67.1 165.9 65.3 93.0 Alal2{0) —_— 
144 163.2 64.2 159.4 62.7 88.0 109.0 —_— 
145 165.0 64.9 —_ 92.6 ovo -—— 
146 167.3 65.9 159.0 62.6 92.0 138.0 124 
147 166.4 65.5 162.2 63.8 90.4 126.5 151 
148 163.5 64.4 a — 89.2 119.0 — 
149 166.5 65.5 158.8 62.5 89.0 137.0 130 
150 168.4 66.3 168.9 66.5 89.8 125.0 168 
151 287. 68.0 160.4 63.1 os I 4 136.0 140 
152 152.4 60.0 150.4 59.2 86.1 123.0 _ 
ibys} 161.4 63.5 143.2 56.4 88.0 128.0 93 
154 174.4 68.7 162.3 63.9 92.5 13325 140 
155 164.0 64.6 161.0 63.4 89.2 124.5 _— 
156 168.7 66.4 164.6 64.8 90.8 140.5 —_— 
157 157.5 62.0 154.2 60.7 86.4 140.0 — 
158 165.2 65.0 169.5 66.7 91.4 130.5 -= 
159 175.0 68.9 164.0 64.6 96.1 128.0 — 
160 169.0 66.5 —- 94.7 138.5 a 
161 DEO 67.3 167.5 65. 9 95.0 139.0 — 
162 166.6 65.6 156.3 61.5 91.0 140.5 96 
163 167.6 66.0 164.8 64.9 88.8 135.0 134 
164 168.8 66.4 — 90.8 120.0 — 
165 168.4 66.3 160.7 63.3 88.4 123-5 — 
166 163.4 64.3 160.0 63.0 89.2 13225 —_— 
167 165.5 65.1 — —- 89.2 163.5 — 
168 174.6 68.7 160.0 63.0 94.2 146.5 — 
169 179.0 70.5 167.8 66.1 94.4 157020 — 
170 157.7 62.1 T5ve5 62.0 86.8 116.0 143 
171 182.1 Tere 163.9 64.5 94.0 169.0 — 
iby, 169.6 66.8 — — 89.1 1135 — 
aise) 166.4 65.5 — — 92.6 131.0 — 
174 167.5 65.9 158.0 62.2 90.2 135.5 143 
175 166.4 65.5 — —_— 90.1 130.0 — 
176 WEISS 7/ 61.7 — _— 84.5 100.5 — 
177 160.7 63.3 156.7 61.7 90.0 145.0 — 
178 167.1 65.8 166.4 65.5 94.6 176.0 140 
179 163.9 64.5 155.6 61.3 89.9 140.0 — 
180 165.5 65.1 154.8 60.9 90.1 125.0 120 
181 174.7 68.8 — — 92.6 150.0 — 
182 168.6 66.4 — -- 91°77 127.0 — 
183 168.0 66.1 — _ 90.8 130.0 — 
184 168.4 66.3 158.0 62.2 90.8 132.0 138 
185 168.5 66.3 West) 59.4 91.8 137.5 110 
186 166.1 65.4 165.0 64.9 91.8 111.5 136 
187 163.5 64.4 160.0 63.0 88.8 123.0 143 
188 179.5 70.7 171.0 67.3 96.5 162.5 — 
189 171.6 67.5 156.2 615 96.2 136.5 127 
190 161.2 63.5 —_ — 88.1 111.5 fait 
ee eee 
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TABLE 7 (Continued) 
Heights and weights of sons and fathers 


Study Height Pete Weight 
: Son Father Src Son Father 
cm in} cm int cm lbs lbs. 
191 158.3 62.3 149.0 58.7 87.3 124.5 iar 
192 167.2 65.8 — — 93.5 103.0 — 
193 LS 67.5 162.5 64.0 90.8 121.0 — 
194 158.7 62.5 162.0 63.8 88.7 116.5 136 
195 185.5 13.0 173.0 68.1 99.5 149.0 — 
196 153.4 60.4 — — 84.0 103.5 — 
197 161.6 63.6 — — 87.6 20 — 
198 164.4 64.7 — — 89.6 140.0 — 
199 170.4 6a: 154.9 61.0 92.5 145.0 130 
200 159.1 62.6 — — 88.1 OES: — 
201 175.4 69.1 160.2 63.1 96.0 142.0 88 
202 170.8 67.2 173.8 68.4 93.0 124.0 148 
203 167.5 65.9 = — 90.0 116.0 — 
204 165.0 64.9 156.0 61.4 92.0 139.0 — 
205 167-3 65.9 159.0 62.6 O13 132.0 98 
206 165.8 65.3 163.4 64.3 91.2 129.5 — 
207 164.4 64.7 — — 90.9 126.0 — 
208 164.2 64.6 160.0 63.0 89.4 11525 -= 
209 156.9 61.8 154.5 60.8 86.7 135.5 124 
210 167.4 65.9 159.2 62.7 91.8 118.0 — 
palit 1702 67.0 155.8 61.3 91.8 130.5 — 
212 157.9 6272) — — 87.9 eS — 
213 168.8 66.4 165.2 65.0 88.3 144.5 — 
214 162.2 63.8 167.4 65.9 88.3 133.0 — 
215 167-3 65.9 141.6 Stew 89.0 123.0 89 
216 158.9 62.5 TSie2 59.5 86.0 120.0 89 
PUT 171.4 Giiz5 S252, 59.9 93.2 135.5 148 
218 170.8 67.2 162.1 63.8 91.1 139.0 146 
219 165.0 64.9 158.2 62.3 92.5 134.5 129 
220 163.0 64.2 165.4 65.1 89.2 129.0 ahah} 
221 176.0 69.3 170.8 67.2 94.6 147.5 ati 
222 162.1 63.8 159.8 62.9 87.7 1200S — 
223 172.7 68.0 166.3 65.5 92.6 130.0 — 
224 159.0 62.6 15950 62.8 87.1 114.5 — 
225 169.1 66.6 157.8 62.1 91.0 147.5 128 
226 166.9 65.7 166.6 65.6 90.2 143.0 — 
227 17/223 67.8 169.4 66.7 90.0 120.0 — 
228 170.2 67.0 152.0 59.8 93.5 168.0 118 
229 167.6 66.0 167.1 65.8 91.0 124.0 — 
230 DS 68.9 156.5 61.6 90.1 128.0 — 
231 165.5 65.1 148.5 58.5 87.9 118.5 — 
202) 163.0 64.2 165.6 65.2 90.2 127.0 — 
35 154.1 60.7 156.1 61.4 86.1 119.0 — 
234 168.7 66.4 _ —— 92.1 138.5 — 
Height Weight 
Son Father Son Father 
cm cm lbs. lbs. 
Total no. 104 80 104 42 
Mean 166.8 160.4 130.8 124.0 
S. D. 5.9 6.3 16.1 19.5 
Sui 0.6 0.7 1.6 3.0 
80 sons whose fathers were measured 42 sons whose fathers were weighed 
Mean 167.4 130.8 
S.D. 6.1 14.0 
SoBs 0.7 2.2 


1 Conversion table 33—centimeters to inches. Rose’s Laboratory Handbook for Dietetics. 
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| To the extent that the somatic charac- 
feristics described by somatotyping (Tan- 
ner, 52) of physique represent distinct 
jcombinations of genetic factors, differ- 
ences in somatotype distributions of vari- 
‘us populations might serve as do blood 
(zroup distributions, to differentiate races 
jor ethnic subdivisions of mankind carry- 
jing numerous genes in common. While 
‘there is some literature describing the so- 
{matotype distribution of American® and 
jEnglish university men (Tanner, ’52), 
‘there is a dearth of comparative studies 
of different ethnic groups. The present 
(report contributes such material. 

: Studies of stature in Hawaii by Miller 
(61) have afforded material for somato- 
(typing of a series of Hawaii-born youth 
_of Japanese ancestry. In 1949 Miller made 
‘uniform somatotype photographs of 104 
imale and 104 female students of the 
‘University of Hawaii whose parents were 
|Japanese. She also obtained height and 


‘weight data on some of the parents. 


MATERIAL AND METHODS 


: 


The subjects were recruited from the 
/student body through the physical educa- 
(tion classes. They were 18 to 22 years old. 
| As part of a general dental and nutri- 
‘tion study, the subjects were weighed, 
without clothing, in pounds. Stature was 
measured in centimeters and converted to 
inches. Somatotype photographs, front, 
side, and back, were taken with a view 
‘camera on 5” X 7” film at 7 feet from 
the lens, giving a picture 30% larger than 
the standard photo suggested by Sheldon. 
Primary and secondary sexual landmarks, 
including the face, were covered in the 
manner illustrated in figures 1 and 2, in 


Physiques of Hawaii-Born Young Men and Women of 
_apanese Ancestry, Compared with College Men 
iand Women of the United States and England’ 


BARBARA HONEYMAN HEATH,? CARL E. HOPKINS? anp 


Foods and Nutrition Department, University of Hawaii Agricultural 
Experiment Station, Honolulu, Hawati 


order to gain cooperation of the subjects. 
These departures from standard technique 
had some nuisance value in the somato- 
type rating, but are considered to have 
had little effect on accuracy of the ratings. 
Detailed notes on the technique of anthro- 
poscopic somatotype rating will be pre- 
sented in another paper, but the essential 
steps are: 

1. Compute ponderal index—height di- 
vided by cube root of weight—by use of a 
nomogram. 

2. Enter height/weight’”* into the Shel- 
don reference table (amended by BHH). 
This table gives the several somatotype 
ratings admissible for that height /weight'* 
ratio. 

3. The best of the few admissible rat- 
ings is selected by eye. This step is not 
difficult. The dominant component, if any, 
is estimated by inspection, and this is 
usually sufficient to distinguish among the 
few possibilities presented by the height / 
weight’® index, as, for instance, 252 and 
5223 

The subjects were Hawaii-born with both 
parents of Japanese ancestry born in Asia 
or in Hawaii. The sample obtained in this 
fashion is 55% first generation island-born 
children, about 20% second island-born 
generation, and the remainder one parent 
born in Asia and the other in Hawaii. 


1 Published with the approval of the Director 
of the Hawaii Agricultural Experiment Station 
as Technical Paper no. 462. 

25 Via Joaquin, Monterey, California. 

3 University of Oregon Medical School, Portland 
1, Oregon. 

4 University of Hawaii, Honolulu 14, Hawaii. 

5 In this paper, “American” refers to residents 
of the United States of America predominantly 
of Caucasian ancestry unless otherwise specified. 
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Fig. 2 Typical photographs used for somatotype rating of female subjects. 


PHYSIQUES OF YOUTH OF JAPANESE ANCESTRY 


The university sample is 208 volunteers 
rom among some 1000 potentially eligible 
tudents at the University. (Exact ethnic 
ensus of the university population is not 
vailable.) Although voluntary, the sam- 


le appears to represent the young men 


nd women of Japanese ancestry of the 
Jniversity and also of the Hawaiian Is- 


jands in general. The distribution of par- 


ints’ occupations and of ethnic names in 


‘he university registry of students is sim- 


lar to that of the sample. The geographic 
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distribution of residence in the sample is 
roughly similar to that for the total popula- 
tion of the Islands. 


RESULTS AND DISCUSSION 


1. The distribution of somatotypes in 
this series shows a heavy concentration in 
the second component-dominant category, 
as compared with Sheldon’s U. S.° males 


®U. S. is used throughout to indicate United 
States of America. 


TABLE 1 


Somatotype distribution of University of Hawaii Japanese ancestry men compared 
with Sheldon’s U. S. Men (per cent) 


First component dominant! 
543 
Other 


Second component dominant 
163 
253 
254 
262 
263 
271 
Soe 
Boo 
354 
362 
371 
Spr 
452 
453 
461 
462 
561 
Other 


Third component dominant 
145 


Balanced 


a A Difference 
U.S . 
University Mies eat, 
% % 
1 13 * 
1 2 
—= 11 * 
74 34 i 
2 —_ 
3 4 
10 3 =: 
3 1 
9 1 * 
1 il 
2 3} 
15 6 2 
8 4 
U 2 
1 — 
1 = 
2 5 
4 3 
2 — 
2 1 
5) = 
16 Sail 
1 = 
4 2 
U 2 
4 3 
— 14 * 
9 32 s 
3 6 
3 4 
ah — 
2 a 
— 22 * 
100 100 


j these distributions will not necessarily 
1 Means and variances of separate components of ) 
equal the statistics given in table 2. Table 2 is computed from somatotype ratings made to 
the nearest half-step and these are to be regarded as definitive ratings. When such ratings 
are “rounded,” as for table 1, the rounding is not mathematically straightforward, but 
? 


includes some judgment elements. 


For instance, the somatotype 41% 


314% 3 does not 


c i i i to 443, but may by the anthro- 
ound, as it would by mathematical convention, : g : 
Bee at ena ea instead to 543 as representing the presenting physique better than 443. 
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(Sheldon, 54). Table 1 gives the percent- 
age distribution according to the more 
frequently found somatotypes, using the 
standard numerical notation in which the 
first digit is the rating on a seven-point 
scale of the first component (fatness, “en- 
domorphy”); the second digit rates the 
second component (muscularity, “meso- 
morphy”), and the third digit rates the 
third component (linearity, “ectomorphy”). 

It is evident here that the “fat” and 
“balanced” somatotypes are much rarer 
and the “muscular” somatotypes much 
more frequent in the Japanese’ men than 
in the American men. 

2. Statistics of height, weight, ponderal 
index, and somatotype components are 
shown in table 2, compared with two 
American series from the literature and 


Relative frequency 
(percent per half 
step ) 


30 — COMPONENT I 


fe) | 2 3 


Somatotype Rating 
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MEN 


with 4 English series of young men phot} 
graphed by Tanner and rated by one 4 
us (BHH). 

The distributions of these measures a3 
reasonably symmetrical, as can be see 
in figure 3, where the separate somatif) 
type components of the Hawaii Japanes§. 
men are compared with Sheldon’s U. §} 
men. 

3. Plotting on Normal probability pap 
(fig. 4) showed these distributions to bf 
well fitted by the Normal distribution be 
tween the 5th and 95th centiles, and su 
sequent analysis will treat the data as if) 


7The term Japanese is used throughout thi 
paper to indicate the University students of Jar@! 
anese ancestry, who by right of birth are al 
American. 


US (N=4000) 


US 


4 5 6 a 8 


Fig. 3 Frequency distributions of 
Hawaii Japanese men, and 4000 U.S 


single somatotype component ratings, University of 
. college men, from Sheldon (CEO, fa, T/)). 


\ichey were adequately summarized by their 
Pee ans and standard deviations. 
4. Table 3 exhibits comparisons of the 
iawaii series with each of the other series. 
», From table 3 it can be seen that the 
(Hawaii Japanese men as compared with 
4U. S. series are about 3 inches shorter, 
10 lb. lighter, have a slightly lower pon- 
deral index, are nearly half a unit lower 
jin the first somatotype component, about 
4/3 units higher in the second component, 
}and 6/10 units lower in the third. As 
jcompared with the English series the same 
‘| differences appear and to a greater degree. 
‘In physical terms the Japanese men are 
shorter, stockier, more muscular than the 
‘’ American and English college men. These 
| differences are all significant at the 5% 
| probability level by individual t tests. 


j 


MEN 


Cumulative 
Percent 
99 


type component ratin 
college men (US). 
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Table 4 shows the Japanese men to be 
somewhat more homogeneous (smaller 
standard deviation) than the U. S. college 
men. In the first and second components 
the Hawaii Japanese show definitely less 
variation, and in the third component the 
difference is apparent but not quite sig- 
nificant at the 5% level. Because, how- 
ever, of differences in scale of the two 
groups, comparison of their relative varia- 
tion has more direct meaning. Here it is 
seen that the two series do not differ much 
in relative variation except in the second 
component, where the very high mean 
rating of the Japanese men gives them a 
very small coefficient of variation. It is 
evident from the standard deviations of 
heights and weights that the Japanese 


4 5 6 7 8 


Somatotype Rating 


ili i istributi te somato- 
i 1 probability plot of cumulative frequency distributions of separa 
yes te A ee gs (I, II, 1) for University of Hawaii Japanese men (UH) and U. S. 
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TABLE 4 


Variance ratios and coefficients of variation of University of Hawaii Japanese men 
compared with U. S. college men 


Variance ratio 


Coefficient of variation 
(standard deviation/mean) 


U.S./U.H. 


a} 


U.S. U.H. 
First component 1.861 <M O02; 0.38 0.31 
Second component 2.501 <= 0.02 O32 0.15 
Third component 1.26 > 0.10 0.37 0.41 


1 Significant at 5% level. 


have the same degree of homogeneity as 
ithe other series. 

| Comparison with the English series 
ishows the same general differences, ex- 
jcept for considerably less difference in 
ivariation. This is to be expected because 
jthe English series, particularly Series I, 
jare from schools that select young men 
icapable of vigorous physical performance. 


METHODOLOGICAL NOTES 


1. The usual practice of analysis and 
linterpretation of the three somatotype 
component ratings separately as if they 
iwere three independent variates intro- 
|duces a degree of artificiality into somato- 
|type analysis. Since these three ratings 
-usually add only to 10, 11, 12 or possibly 
113, it is obvious that they are not inde- 
‘pendent. And indeed, their intercorrela- 


tions have been studied (Sheldon et al., 
°40) and found to be high. For this reason 
an analysis in the form of a tri-variate 
normal frequency distribution would seem 
to be more appropriate as well as more 
arduous. Table 1, giving the frequency 
distribution of the principal rating combi- 
nations as they are found, is a practical 
substitute for this kind of analysis, giving 
the relative frequencies for a few selected 
volumes of the three-dimensional distribu- 
tion. 

2. Analysis of variance of the height, 
weight, ponderal index and somatotype 
ratings in the several series would ordi- 
narily seem to be appropriate, but in this 
instance, where we are comparing differ- 
ent ethnic groups having considerable dif- 
ferences in both scale (variances) and 
sample size, the assumptions underlying 


TABLE 5 
Variance ratios: Analysis of variance 
Seri M.S. 
A Between Sehin subjects 
Trait a ose origin within 
F series 
Men 
Gil Glae,) (S clat.) (Gs2idete) 
Height (inches ) 469.86! 0.81 5.94 
Weight (pounds) 61.841 3.002 228.49 
Height/weight” 10.262 4,252 0.19 
Component I 0.64 OATH 0.54 
Component II O52 isle ey? One) 
| Component III Peer Tote? 2.05 
Women 
@idii) (7 d.f.) (2834 d.f.) 
Height (inches ) 14.26? 9.242 5.34 
Weight (pounds ) 11.907 5.26? 246.08 
Height/weight” 0.57 6.87? 0.25 
Component I 0.64 9.04? ee 
t Il 10.04? 15.582 : 
as ei 2.03 6.422 1.30 


Component III 


1 Significant at 0.01 level. 


2 Significant at 0.05 level. 
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the analysis of variance do not hold strictly 
and the analysis may produce strange re- 
sults, particularly when it comes to exami- 
nation of the individual contrasts. For 
instance, the standard error of any mean 
of the U. S. college men (N—4000) or of 
Sheldon’s 46,000 U. S. men would be very 
small, so that if a pooled error term is 
used almost any other series would show 
a significant difference from either of 
these large series. 

Partly to alleviate this difficulty, the 
mammoth U. S. series were excluded from 
the hierarchal analysis of variance. The 
resultant variance ratios show significant 
differences among origins for all the traits 
except Component I in the men. In the 
women the origin means are different on 


TABLE 6 


Somatotype distribution of University cf Hawaii Japanese women, 
compared with U.S. college women (per cent) 
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height, weight and Component II. Ai# 
among series from the same origin, al] 
traits show inter-series differences in both} 
sexes, with the single exception of heigh} 
in men. (See table 5.) 

The error variances (M.S. subjects with | 
in series) obtained from the analysis oiff 
variance could be used to investigate thef 
Duncan’s Multiple Range test (Duncan) 
05). Most of these contrasts, even when}! 
the two very large U.S. series are excluded 
will turn out to be significant, because of 
the large sample sizes. Statistical signifi-}} 
cance, while necessary to interpretation) 
of differences between series, is not suffi- } 


single contrasts among the series means! 
using Snedecor’s Q test (Snedecor, 57) on 
cient to indicate importance of the phys-f} 


Somatotype 


Hawaii Japanese 


Difference 
significant 
at 5% level 


U.S. College 


First component dominant! 
651 
641 
642 
542 
543 
532 
533 
534 
523 


Second component dominant 
452 


Third component dominant 
226 
336 
335 
435 
425 


Balanced 
334 
344 
343 
424 
433 
434 
443 
444 
442 
551 
552 


Miscellaneous others 
All 


1 See footnote to table 1. 
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val magnitudes involved. Since final inter- 
i|retation must rest on the _ physical 
implications of the magnitudes, these 
{yaagnitudes with their standard errors are 
xhibited in table 3 (men) and table 8 
iiwomen) for the Hawaiian Japanese se- 
lies compared singly with each of the 
iyther series. 

if The Women 

‘) 1. In distribution of somatotype fre- 
‘uencies (table 6) the Japanese women 
ihre not as different from their U. S. college 
‘;ounterparts as were the men. Both ethnic 
‘lasses have a similarly high relative fre- 
iguency of first component dominance, 
“yecause they are women. The only sig- 
‘aificant differences are in the “balanced” 


Relative frequency 
(percent per 
alf ste 

3 a p) 


COMPONENT IL 


| COMPONENT , IIL 


(a) | 2 3 
Somatotype Rating 


181 


and the “miscellaneous others” categories. 
The Japanese women have a 50% higher 
frequency of balanced types. This may be 
interpreted as being the result of their 
increased second component (muscularity) 
which, combined with the usual female 
“fatness” (first component), places them 
in the balanced component category. 

2. Statistics of height, weight, ponderal 
index, and somatotype components are 
shown in table 7 for the women, along 
with several series of American and Eng- 
lish college women from Heath (unpub- 
lished data). 

3. These distributions, like those for 
the men, are reasonably symmetrical (fig. 
3) and the distributions of the somatotype 
components are essentially Normal (fig. 4). 


WOMEN 


US (N= 3281) 


4 5 6 1 8 


Fig. 5 Frequency distributions of single somatotype component ratings, University of 
Hawaii Japanese women, and 3281 U. S. college women, from Heath. 
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Cumulative 
Percent 


WOMEN 


Fig. 6 Normal probability plot of cumulative frequency distributions of separate somato- 
type component ratings (I, II, III) for University of Hawaii Japanese women (UH) and 


U. S. college women (US), 


4. Referring to table 8 it can be seen 
that the Hawaii Japanese women as com- 
pared with American and English college 
women are nearly 4” shorter, 15 to 20 lb. 
lighter, have a slightly lower ponderal in- 
dex, are similar in the first component, 
considerably more muscular (second com- 
ponent), and somewhat less linear (third 
component). In physical terms, they are 
generally smaller people, somewhat more 
muscular, but otherwise rather similar in 
physique to the American and English 
women. 

5. The Hawaii Japanese women are 
somewhat more homogeneous (smaller 
standard deviation) than the U. S. college 
women. Comparing (table 9) the Hawaii 
series with the 6 U. S. series pooled, we 
see that the U. S. women are significantly 
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4 5 6 ie 8 | 
Somatotype Rating 


more variable in height, fatness (first com 
ponent), and muscularity (second compo 
nent). Relative variation, however, as ex+ 
pressed by the coefficient of bee | 


ethnic samples, except on the first com- 
ponent, for which the large standard de-j 
viation of the U. S. women is associate 
with a low mean. 


SUMMARY 


A series of 104 young men and 104 | 
young women university students born in 
Hawaii of Japanese parents were somato-. 
typed and compared with mainland_| 
American and English series of college q 
men and women. | 

The Hawaii-born Japanese men are | 
shorter and lighter than the American and | 
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TABLE 9 


Variance ratios and coefficients of variation of University of Hawaii Japanese women 
compared with U. S. college women (series I-VI pooled) 


Variance ratio 


Coefficient of variation 
(standard deviation/mean) 


U. S./U. H. P U.S. UH. 
Height 1.85! < 0.002 0.04 0.13 
Weight 1.14 > 0.10 0.12 0.13 
First component 1.50% < 0.02 0.18 0.15 
Second component 1-974 < 0.002 0.28 0.17 
Third component ikea lies 0510 0.35 0.35 


1 Significant at 5% level. 


English men. They are also considerably 
more highly endowed in the second somat- 
otype component, i.e., much more mus- 
cular and heavy-boned. This sample of 
men of Japanese ancestry shows a higher 
degree of second component dominance 
than any of several occidental series how- 
ever selected or sampled. We infer there- 
fore that a true ethnic difference in so- 
matotype is established. 

The women of Japanese origin also are 
seen to be shorter and lighter than Amer- 
ican and English women of the same gen- 
eration (and selection). They exhibit 
somewhat more first component domi- 
nance (fatness) than do the occidental 
women, but like the occidental women 
exhibit only in rare cases second or third 
component dominance, these, apparently, 
being traits linked more with sex than 
with ethnic origin. 

In somatotype rating, despite the rarity 
of real second component dominance, the 
Hawaii Japanese women are more muscu- 
lar than the American women but about 
the same as the English women, who, 
however, were specially selected (as games 
mistresses) for this trait. 

The variances of the several series were 
examined and the Hawaii Japanese series 
seen to be more homogeneous (smaller 
variance) than the occidental series on 
most of the traits measured. This ap- 
parent difference in homogeneity is seen 
to be largely a matter of size, since rela- 
tive variation shows negligible differences 
except on the second somatotype compo- 
nent, in which for both men and women 
the Japanese series have a rather small 
variance associated with a large mean and 
the occidental series have larger variances 
associated with smaller means. 


The various series are compared each 
separately with the Hawaii Japanese series 
by use of individual t tests, analysis of 
variance procedures having been ruled out 
as inappropriate because of substantial 
heterogeneity of both sample variances 
and sample sizes. Significance tests for 
the inferences above were made at the 
5% level but in nearly every instance the | 
t value was so high as to leave little doubt 
of the reality of the difference. 

Although a clear ethnic difference in 
somatotype as between Japanese and occi- 
dental men and women is evident, it is 
also noted that as between different series 
within the U. S. or within England, sig- 
nificant differences may also be observed 
if the series are fairly large. These within- 
ethnic category differences are generally 
very small in magnitude as compared with 
the between-ethnic category differences. 


ACKNOWLEDGMENT 


Grateful acknowledgment is made to 
Miss Virginia B. Berry of the Department 
of Public Health and Preventive Medicine, 
University of Oregon, Medical School, for 
her assistance with the statistical analyses. 


LITERATURE CITED 


Duncan, D. B. 1955 Multiple range and mul- 
tiple F tests. Biometrics, 1: 42. 

Heath, B. H. Unpublished data. 

Miller, C.D. 1961 Stature and build of Hawaii- 
born youth of Japanese ancestry. Am. J. Phys. 
Anthrop., 19: 159-172, 

Sheldon, W. H. 1954 Atlas of Men. Harper 
Bros., New York. 

Sheldon, W. H., S. S. Stevens and W. B. Tucker 
1940 The Varieties of Human Physique. Har- 
per Bros., New York. 

Snedecor, G. W. 1957 Statistical Methods, 5th 
ed., Iowa State College Press, Ames, Delle 
Tanner, J. M. 1952 Physique of students. Lan- 

cet, 2: 405-419. 


Manned Space Flight Vehicles and the 


Physical Anthropologist 


RICHARD G. SNYDER! 


| The efforts to place Man in the new 


,{astroecological environment of space pose 
.jmany problems for which limited knowl- 
‘jedge, or in many instances no knowledge 
at all, exists. Engineering achievements 
| which make space flight imminent demand 
;;advances toward solution of problems of 
;| physiology and anatomy, and have resulted 
»/in new areas of scientific study in space 
‘)medicine such as bionics, gravics, and bio- 
|| astronautics (or astrobiology). 

We anticipate that a gradual lengthen- 
(|}ing of Man’s exposure to the space en- 
‘| vironment will provide more positive infor- 
| mation concerning some of these factors. 
| The current series of X-15 flights will event- 
| ually take its pilot to the fringes of space 
| for brief periods. To date two manned 
| space capsule suborbital flights have 
' been accomplished by United States astro- 
| nauts poised on the tip of Redstone rockets 
| and fired to a maximum altitude of 118 
| miles and at velocities to 5280 m.p.h. (Dry- 
| den, 61). Successive ballistic flights may 
| be made at speeds up to 15,000 m.p.h. 
| Information of a more advanced nature will 
be obtained from Dyna-Soar I, a manned 
hypersonic rocket-boosted glider which 
will penetrate a step further (Putt, ’58). 
Meanwhile, Project Mercury may soon 
achieve its goal of sending a man about 
the earth in approximately three 90-minute 
orbits (Douglas, 60; Belieu, 59), a feat 
pioneered by the U.S.S.R.’s recent success- 
ful manned space flights. Successively 

more advanced programs are already in 
the preliminary and advanced design 
stages. Venus and Mars unmanned probes 
are planned within two years, and serious 
study is being given to requirements for 
manned-rocket missions to Mars or Venus 
(Enriche, 59; Dugan, 60; Smolek, 60; 
Himmel, 61). Within 5 years other pro- 
jects propose to place a 4 to 6-man space 


| 
; 
| 
| 
| 
: 
| 


Applied Research Laboratory, College of Engineering, 
University of Arizona, Tucson, Arizona 


laboratory in orbit between 300 to 400 
miles out (Sweeney, 60). And within 10 
years, Project Nova has as its objective 
lunar exploration and return to the earth 
of a 4-ton two- or three-man space vehicle 
(Rosen, 759). 

Biological payloads are now becoming 
critically important (instead of secondary 
to instrumental payloads). During the past 
year a number of mammals have paved 
the way for manned flights. Among ani- 
mals known to have successfully survived 
space flight for varying periods of time are 
mice (“Sally, Amy, and Moe,” who rocketed 
to 700 miles above the earth in an Atlas 
nose cone in October, 1960), dogs 
(U.S.S.R.’s “Laika” in 1958 in Sputnik II, 
followed by some 20 rocket tests with rab- 
bits and dogs in 1959, and more recently 
by “Belka” and “Strelka” in August, 1960, 
and “Pschelka” and “Mushka” in Decem- 
ber, 1960), squirrel monkeys (“Able,” 
“Baker,” “Gordo,” and “Sam”), and the 
chimpanzee “Ham” (February, 1961). Man 
himself has until recently nervously waited 
on the threshold, leading up to the current 
series of ballistic and orbital and future 
true space missions by simulating antici- 
pated conditions through closed environ- 
mental studies, through extrapolation of 
animal research, and through brief balloon 
and aircraft flights to the fringes of the 
earth’s stratosphere. 

In the increased emphasis upon the un- 
known factor of Man himself, the anthro- 
pologist has much to contribute. In this 
paper I should like to note briefly some of 
the current and possible future areas of 
aerospace research concerning man, which 
should challenge and stimulate the phys- 
ical anthropologist. 


1The author is currently Chief, Physical An- 
thropology Branch, Department of Survival Re- 
search, Civil Aeromedical Research Institute, 
FAA, Oklahoma City, Oklahoma. 
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DISCUSSION 


There is, of course, nothing new about 
either basic or so-called “applied” anthro- 
pological research in support of industrial, 
military, or governmental programs. Most 
physical anthropologists have at one time 
or another contributed toward solution of 
specific problems in these areas. A rather 
comprehensive discussion of military as- 
pects of physical anthropological studies 
in the armed services has been previously 
published in the symposium entitled “An- 
thropology in the Armed Services” (Du- 
pree, 08): 

The recent formation of a Physical An- 
thropology Branch within the Department 
of Survival Research at the Civil Aeromed- 
ical Research Institute should be of inter- 
est in this respect. This new research or- 
ganization of the Federal Aviation Agency 
is unique in that it represents the first civil- 
ian anthropological research group to be 
primarily concerned with the problems of 
aviation medicine. The new Civil Aero- 
medical Research Institute building, for 
which some 514 million dollars have been 
appropriated, will contain three major 
physical anthropology laboratories, includ- 
ing an anatomy laboratory completely 
equipped for storage and dissection of 
cadavers and storage of tissues and organs 
under controlled humidity and tempera- 
ture conditions, as well as associated labo- 
ratories and animal quarters. Current in- 
vestigations already in progress or planned 
include application of such new experi- 
mental techniques as ultrasonic deter- 
mination of body composition, use of im- 
planted gamma isotopes for bone position 
monitoring, and other techniques. Studies 
will also be concerned with static and dy- 
namic testing of bone or other body tissues 
in response to various forces, center of 
gravity, kinematics, somatotyping and an- 
thropometrics of various populations, and 
other studies concerned with man in an 
aviation environment ranging from gene- 
tics to pathology. 

Anthropometrics and biomechanics will 
remain important contributions of the 
aerospace anthropologist in design of flight 
garments and personal equipment, work- 
space design and area, and, of course, in 
selection of astronauts. While the con- 
cept of the “average man” both anatomi- 
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cally (Daniels, 52) and physiologicall3}} 
(Williams, 58) is a fallacy, astronaull| 
selection for future space projects will re 
quire a “maximum man” concept in mos# 
respects except size. The present 5th tc 
95th percentile design criteria will give} 
way to much narrower selections. Obvi 
ously selection of too large a man woulcf! 
involve serious design penalties, sinc 
weight and size of satellite or space vehicle ! 
are affected. In practice, it is probable} 
that Dyna-Soar I may use a subject off 
about the 65th percentile, while the Proj- ; 
ect Mercury astronauts are in the 65thi) 
to 80th percentile in regard to stature (ex-f/ 
cept for one Mercury candidate who is 
only 5 feet 7 inches and in the 20th per- 

centile ). | 


Aerospace biological problems 


Aerospace problems come in a wide as- 
sortment of sizes and complexities. But 
where man is concerned many projects 
could benefit from advice by a competent 
anthropologist, whether they involve a 
question of how much heat a man can 
stand, decision of quadruped or primate 
for deceleration simulation of man, or 
other aspects of man’s survival in a new | 
environment. | 

Some of the aerospace medicine areas | 
of concern which should be of interest to |} 
the anthropologist include those inherent 
in hypersonic escape, space capsule en- 
vironments, seating and restraint, the phe- 
nomena of weightlessness and its im- 
plications, human tolerance to forces of 
acceleration, of vibration, of windblast, of 
tumbling, and of oscillation and displace- 
ment of internal organs; criteria of phy- | 
sique and body composition, recycling of | 
wastes in nutrients, biological effects of 
ionizing radiation, and a vast array of 
other biological and cultural relationships. 
I will comment briefly on the role of phys- 
ical anthropology in some of these re- 
search areas. 

It is increasingly evident that current 
systems and concepts of restraint of air- 
crew members of present aircraft weapons 
Systems are inadequate to meet the new 
problems imposed by greatly increased J 
operational capabilities. Requirements for | 
future protective devices and restraint Sys- 


‘ems in manned space flight become even 

“wore complex. 

The anticipated flight conditions associ- 

‘ated with rocket flight which man must 

si with include: saw-toothed accelera- 

‘gion during vertical launch as successive 
“ivockets fire in multi-stage propulsion sys- 
‘items, weightlessness, prolonged maneuver- 
‘mg accelerations, decelerations during 

gre-entry into the earth’s atmosphere, 

‘Mdeviations from trajectory, separation of 
tescape capsule from vehicle on launch pad 

ore boost, flight instability, escape de- 
iivice parachute deployment, and finally 

“eapsule landings on either water or land 
‘\ienvironments. 

“| Each of these operational maneuvers 
lnas associated forces against which man 
imust be protected. Some of these condi- 
itions will include acceleration and deceler- 
sation multi-directional forces with often 
‘isimultaneous lateral, horizontal and ver- 
\:tical components, vibration, oscillation and 
iizero gravity. 

‘| Studies of human tolerance to various 
forces anticipated in space flight have gen- 
‘erally been isolated and evaluated in single 
}vector situations. Actually, man may be 
[subject to several of those forces acting 
‘simultaneously from different directions, 
land tolerance to those more complex situa- 
{tions will require considerably more in- 
‘vestigation. 

_ Acceleration, the rate of change of ve- 

}locity with respect to time, may be antic- 

\ipated to be a major factor in Man’s flight 

‘in space, particularly in regard to restraint 

design. Acceleration may be in the form 

of positive G, in which case the force 
vector acts parallel to the long axis of the 
body (known in Air Force terminology as 

“eyeballs in”), in head-to-foot negative G 
(the force vector acts parallel to the long 
axis of the body, from foot to head), or 
transverse G (in which case it may con- 
sist of either prone or supine force vec- 
tors, i.e., chest to back, or back to 
chest). In addition, lateral G forces may 
act from side to side. It is quite probable 
that man may be subject to two or more of 
these accelerations simultaneously. The 
phenomenon of rapid deceleration, in par- 
ticular, may produce undesirable phys- 
iological or anatomical trauma which must 
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be taken into consideration in restraint de- 
sign. 

In the case of transverse accelerations, 
it has been found that when the human 
pain threshold occurs at above 10 G for 
10-second exposures, moderate tachycardia 
and distracting epigastric pain may de- 
velop (Lambert, ’45). This can be relieved 
considerably if the seat is designed to hold 
the pilot in the correct position at all times; 
thus a mechanism to rotate the seat and 
reorient it to changing flight conditions 
may be advisable. In the Mercury capsule, 
a method of 180° seat rotation has been 
devised so that the resultant inertial force 
from acceleration acts in the same direc- 
tion during both initial boost and terminal 
re-entry. Man’s physiological tolerance 
and functional ability during the acceler- 
ation phases of space flight are important 
factors in the basic design of the human 
support-restraint system. A useful ap- 
proach is the principle of net support orig- 
inated by Hertzberg (’48) at WADD some 
12 years ago, because of its weight, sup- 
port, and comfort advantages. 

Negative G forces (foot to head centrif- 
ugal forces, or “eyeballs up”) can be toler- 
ated up to 2 G for three minutes. However, 
in exposures above 2 G time rapidly de- 
cays; at 3.5 G, it should not exceed 10 sec- 
onds since the heart and blood vessels are 
no longer able to maintain normal circu- 
lation, the pressure of the internal organs 
upon the chest hampers respiration, and 
hemorrhaging of vessels in the face and 
temple occurs (Freitog, 53). Effects of 
prolonged angular accelerations have been 
studied within the past year by several 
investigators in respect to the torsion 
pendulum theory (Guedry and Ceran, 59), 
and motor activity (Suvorov, 59). Much 
of the physiological and anatomical knowl- 
edge is supported by evidence obtained in 
animal rocket shots in studies of the ef- 
fects of launch and re-entry, utilizing ro- 
dents and various species of primates. 

Recent investigations of the water-land- 
ing impact of a 1172-pound manned or- 
bital capsule has shown that maximum 
accelerations of 60 G with a 25,000 G/sec. 
rate of onset may be expected. The hori- 
zontal velocity may exceed 14 ft./sec. at 
impact with a simultaneous vertical veloc- 
ity.of <30) ft/sec, (Hatch, 59): It is-in- 
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teresting to note that Stapp (60) found 
that in rocket sled transverse decelerations 
a chimpanzee subject has survived a peak 
of 237 G with 11,250 G/sec. rate of onset 
and 0.35 sec. total exposure duration. 
Transient injury effects in chimpanzees 
were observed at 60 G at higher than 5000 
G/sec. rate of onset transversely. Some 
organs present more complex protection 
problems than others. For example, the 
10-12 oz. adult human heart, while rela- 
tively restricted in transverse movement, 
has been displaced laterally to the limits of 
the thoracic cavity by forces of only 10 G 
(Dempsey, 61). 

Impacts of 100 G are possible in land 
contacts of a manned flight capsule, al- 
though the initial Mercury flights are 
designed for re-entry in the area of the 
Atlantic Ocean between Florida and the 
Canary Islands (Donlon, ’60). In the cur- 
rent configuration the distance required to 
stop within the apparent tolerable limits 
for man (1,500 ft./sec. for 40 G for 0.2 sec. 
duration (Stapp, 58) or 600 ft./sec. for 40 
G for 0.2 sec. (Stapp, ’60) is a minimum of 
8.54 inches. Actual conditions in a capsule 
impact landing may be even higher if the 
velocity component is increased, as would 
occur if the parachute drag failed, and fur- 
thermore local meterological conditions 
such as wind-drift may cause complex mul- 
ti-directional patterns. For example, 20 
mph winds can result in horizontal loads 
as great as the vertical component. 

Numerous investigations of decelera- 
tion effects on the human body have been 
conducted, and to date considerable knowl- 
edge is available as to the force man can 
tolerate. However, the area of plastic or 
nonreversible injury is still only loosely de- 
fined from the anatomic and physiological 
viewpoint. Stapp (’55) reported that the 
value of 50 G for human tolerance (with 
rate of onset below 500 G per sec. for 0.25 
duration) and 100 G for survival, on the 
basis of animal experiments, may be a 
conservative estimate in view of data con- 
cerning falls survived, which have been as 
great as 209 G (DeHaven, ’42). Swear- 
ingen (’60) has successfully subjected 
volunteer male subjects to vertical impact 
loadings of 250 G’s in vertical drop tests, 
with knees flexed between 100-160 de- 
grees, and as high as 65 G’s with knees 
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rigid. He has found the area of non-reve1 
sible injury to be at about 95 G’s (.007 
secs. at 19,000 G/sec. rate of onset) whi 
seated in a rigid chair. More recent ve1 
tical free-fall studies by Snyder (61) af 
individuals who have survived accidenta 
free-falls or suicide attempts of distance] 
up to 275 feet, indicate survivable limit) 
(beyond the injury threshold) may bs 
many times these loadings provided th« 
time durations are very short (about .00S} 
SECS.) | 
A major problem confronting space 
scientists currently is the need for a ne 
concept in restraint which will take int 
consideration protection of the occupani 
from each of these forces discussed. Anyfi 
restraint system for future manned space} 
flight vehicles must fulfill a number off 
requirements of a rather complex nature} 
The simple lap-belt and shoulder harnes 
configuration of today’s aircraft often ar 
inadequate protection for ejection (Levy | 
61; Snyder, ’59) or crash forces (Hasbrook 
60; Swearingen, ‘61; McMichael, ’61 
Stapp, 61), and would be of little valu 
in the space environment. To illustrat 
this point, the following design require. 
ments are listed for a basic minimum re-+ 
straint system. 
1. It must provide maximum comfort 
for extended periods, yet the system mustif 
be of minimum weight. 
2. Complete freedom of body movement 
during normal flight must be incorporated. 
3. The restraint must be designed tof 
provide widest possible body distributions 
of accelerative forces. 
4. It must provide operational dexterity, 
with carefully designed release for both | 
manual and automatic operation. 
5. Positioning and immobilization must 
be automatically sensed and accomplished 
at a predetermined level of acceleration. 
What level is desirable? | 
6. The restraint must give lateral and ] 
vertical support of the upper torso as well | 
as horizontal support, as in a crash land- 
ing, or drift of a landing capsule. 
7. The design must be compatible with 
vehicle crew stations and escape systems. } 
8. It must have the capability to retract } 
the crewman into the capsule prior to 
capsule activation and continue restraint 


V 
| 


a 


it 
i 


i 


Noh 
M 


vith the capsule, necessitating a sepa- 


‘i~vent flailing and injury. 
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rate power source. 
9. Not only the body, but the extrem- 
ities and head must be restrained to pre- 


‘) 10. Attention must be given to the at- 
ptenuation of vibration (5—2000 cps). 


11. The components must be integrated 


to minimize encumbrance on the crew- 
443man, thus the system must be as simple 
yas possible. 


12. There must be adequate angularity 


4 adjustment to place the crewman in the 
|optimum position for predicted accelera- 
», tions, as in launch or re-entry situations. 
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13. The design must incorporate energy 


{absorption devices to provide sufficient 


‘protection against anticipated high im- 
‘pact loads. 
These problems have necessitated a 


‘fresh approach to the concept of seating 


‘and restraint, and currently the Air Force, 
‘National Aeronautics and Space Admin- 
‘istration, industrial, and various private 


‘tresearch groups are exploring new ideas 
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‘in this area. 

_ Another important area where the an- 
thropologist could contribute greatly is to 
that of fundamental research relating to 
better anthropomorphic simulation. An- 
thropomorphic, and even chimpomorphic, 
dummies are utilized extensively in all 
types of experimental research where ini- 
tial use of human subjects might prove 
dangerous, to probe beyond human toler- 
ance limits, or to save expense in a test 
program. Dummies are being used for 
nearly every conceivable type of aerospace 
research, including flight-testing of escape 
systems, crash research, blast effects stud- 
ies, tests of frogman’s gear and windtun- 
nel personnel equipment tests. However, 
until more basic research can point the 
way to more reliable simulation, the use- 
fulness of anthropomorphic dummies for 
research purposes will continue to be more 


| restricted than necessary. Applicable in- 


formation is needed concerning muscle 
and ligament simulation, the properties of 
intervertebral discs, flesh characteristics, 
and other questions such as the dampening 
of force along the vertebral column. What 
effects do torsion forces have? As yet there 
is no anthropomorphic dummy which has 
a fully articulated verteral column, for 


189 


example, due to a lack of basic uata. Ob- 
viously anthropomorphic dummies cannot 
fulfill their widest research application un- 
til more precise and valid simulation is at- 
tained. 

A phenomenon which has received con- 
siderable attention recently is that of 
weightlessness (also variously known as 
null or sub-gravity, zero W, zero gravity, 
or the agravic state). This is a gravity- 
free, thus weightless condition which has 
been found to exist during rocket flight, 
and is assumed will exist upon a space 
station or satellite which would orbit 
about the earth. 

It is important to man’s conquest of 
space because of the effects of loss of 
vestibular sensation and change of pro- 
prioceptive sensation, on functional abil- 
ity. Exposure in experimental studies to 
date have shown that this often results in 
illusions, disorientation, and discoordina- 
tion. If deprivation of vision and either 
vestibular or kinesthetic input occurs, ori- 
entation is lost. 

In short duration human experiments 
in aircraft, water, and subgravity devices, 
Gerathewohl (60) notes that detrimental 
effects have been found to include a dis- 
turbance of the neuromuscular coordina- 
tion, disorientation without visual refer- 
ence, prolonged blackout and delayed 
motor responses during post-acceleration 
weightlessness, motion-sickness symptoms, 
a mental set for falling, and oculo-agravic 
illusions in the dark. However, he also 
reported that subjects appear to adapt and 
compensate during exposure, to move more 
easily than normal and do learn to per- 
form as under 1 G conditions. The longest 
exposure to date that has been reported is 
that of the dog in Sputnik II which en- 
dured 6 days of weightless flight with no 
significant physiological changes. 

Among the physiologic problems induced 
during this state, are the mechanisms of 
nourishment, including deglutition and 
manual conveyance of liquids and solids 
to the mouth. Food bulk will be important 
in preventing constipation. However, a 
large solid bolus of food is a potential as- 
piration problem, and regurgitation of 
stomach contents will certainly be a ser- 
ious annoyance. The intake of large 
amounts of liquids may also induce vomit- 
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ing (Ward et al., 59). Thus, nausea, 
vertigo, confusion, and hallucinations, can 
all contribute to Man’s discomfort and 
seriously disrupt his effectiveness during 
extended periods of weightlessness. 

It has also been found that alternations 
of acceleration and the weightless state de- 
crease the acceleration tolerance of the 
subject and the efficiency of the physio- 
logical recovery mechanisms. This implies 
that for manned space flight thrust values 
and re-entry profiles must take the lower 
acceleration tolerance into consideration, 
and also adequate G-protection must be 
designed for the pilot to prevent injurious 
effects of high decelerations. The hazard 
in re-entry, due for example, to failures of 
the automatic guidance system could pro- 
duce excessive G-loads which would sub- 
ject the occupant to severe accelerations 
due to continuously changing direction, 
rate of onset, magnitude, and duration. 
Von Beckh (’58), Clarke (’59), and others, 
have advised the investigation of a multi- 
directional G-restraint device which would 
avoid G-loads in the unfavorable spinal 
axis by automatic positioning of the oc- 
cupant. 

Another aspect, that of biomechanics 
under partial or zero gravity is of par- 
ticular importance to the anthropologist. 
Hertzberg (60) Dzendalet (60), and others 
have recently pointed out some of the 
problems and pitfalls man may encounter 
in construction of space stations. Each 
action must be carefully considered in 
advance because in a gravity-free en- 
vironment some quite normal actions and 
movements, such as riveting, would be 
impossible. 

A problem man will face while under 
zero-gravity conditions is that of initiating 
self-locomotion. One solution currently 
under study is the use of magnetic shoes 
or sandals to enable the wearer to walk in 
a normal manner while weightless. This 
will require an analysis of the forces re- 
quired in normal walking, since the use of 
magnetic shoes or sandals may change the 
pattern of walking under zero-gravity. One 
may have to “learn” how to walk. Such 
shoes must be designed with holding ca- 
pabilities in excess of the accelerations ex- 
pected during the mission. It has been 
suggested that a magnetically fixed com- 
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ponent should have a functional force} 
great enough to compensate for increaseG| 
accelerations, requiring auxiliary magneti 
systems for emergencies (Simons, 759) ]) 
For example, a space vehicle may be} 
equipped with collision-avoidance equip-+} 
ment which would program automatic] 
rapid acceleration to prevent collision with] 
meteorites. 
Some investigators have suggested the} 
creation of partial gravity induced by} 
space ship rotation for easier living condi-] 
tions for man in space. In this regard the: . 
determination of the optimum G-load con- 
dition for Man may be dictated by motor} 
performance factors. 
A number of methods have been used! 
with variable success to achieve or simu-. 
late weightlessness, although the time fac- 
tor is still too small for extended observa- } 
tions. This is often done by immersion of } 
the test subject in a fluid of equal specific } 
gravity, or use of an underwater test table 
in a swimming pool, or underwater pres- 
surized chamber. The use of a water filled 
tank with the human subject suspended 
in the water, and rotating about a hori- 
zontal axis is also being investigated for | 
long periods of simulation (Levine, ’60). | 
| 


However, the most extensive experiments 
have been conducted utilizing aircraft 
flown in a parabolic flight arc or Keplerian 
trajectory in which centrifugal force would 
exactly offset the downward pull of gravity 
(Ward, ’57). Aircraft flights can achieve 
a zero partial gravity condition for periods | 
up to 90 seconds, although the X-15 should 
be capable of a 5-minute period. The 
longest weightless period achieved thus far 
with a primate is 13.3 minutes, and pro- 
duced no significant physiological changes 
in a one-pound squirrel monkey (“Gordo”) 
fired 300 miles into space in an Army 
Jupiter ballistic missile nose-cone ( Anony- 
mous, 59). Weightlessness is likely to be 
encountered in manned flight vehicles in 
varying degrees of positive or negative 
forces for greater time periods than in the 
true null gravity state. For example, out 
of 30 seconds of less than + 0.1G obtained 
in the F-94C, only 7 seconds of it is con- 
secutively zero G. In an orbiting satellite ] 
of finite size the completely gravity free _ 
state, or full balance of centrifugal and J 
gravitational forces, is realized only at the | 


“Venter of gravity of the vehicle (Schaeffer, 
59). This means that objects toward the 
tdges must be tied together or they may 
‘/end to float apart. Another important point 
‘ts that it has been found that 30 seconds 
of zero-G are required before the vestibular 
“apparatus reacts as it will to stimuli in 
“Orbit. 

However, it should be noted that at least 
‘one investigator, Professor Margaria (’53, 
(59) of the Institute of Human Physiology 
“lf Milan, believes that the disadvantages 
“bof the weightless condition have been over- 
2mphasized, and that in reality the lack of 
gravity will be a great asset, since circula- 
(tion of blood and fluids would be greatly 
‘facilitated if the hydrostatic pressure did 
‘not have to be met with, as well as con- 
\}siderable savings of mechanical work nor- 
iimally involved in giving acceleration to 
‘the muscles and solid portions of the body 
(in overcoming friction. 

‘: The physical response of man to the 
‘'effects of mechanical forces such as ex- 
iitreme buffeting and vibration is another 
area of activity. Effects of frequency and 
jamplitude are influenced by such factors 
‘as direction of the vibration in relation to 
jthe body axis, bone and other body tissue 
‘conductivity, and amount of body area in 
contact. Vibrations are an important fac- 
}tor in aircraft and space vehicle flight be- 
jcause vibration with an amplitude greater 
{than 0.008 inch or 1500 cps tense the 
jmusculature and cause discomfort and 
i “fatigue” (Armstrong, 752). Thus, methods 
jattenuating or damping such effects 
{through seat cushions and other means 
jare being studied. 

| Some anthropologists are working in an 
linterdisciplinary area concerned with hu- 
man factors, and its more sophisticated 
)}cross-cousin, systems engineering. This 
‘field essentially is concerned with the rela- 
‘tionship of man in a specific environment 
as part of a complex machine system. 
Engineers have gradually realized that hu- 
man tolerances and capabilities must be 
taken into consideration prior to design of 
any system, in order to obtain optimum 
efficiency from the equipment. Nowhere 
is the fact that man is the “weakest link” 
more evident than in space flight. 

Even in infinitely simpler situations 
than man may be expected to encounter 
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in space flight, errors are continually made 
for which careful safeguards have been 
provided. In this regard, for example, one 
of the oldest human failures in aviation is 
the situation in which the pilot neglects to 
lower the landing gear in landing. Yet oc- 
casionally an impressive number of warn- 
ings designed specifically to appeal to all 
of man’s senses appear to have no effect. 
Recently, a British BOAC Comet IV com- 
mercial jet airliner was accidentally 
landed gear-up at Rome, despite the pres- 
ence of three other crew-members assist- 
ing the pilot, a panel of red lights, an 
alarm in the headset, both touch and visual 
means of checking the gear up-down in- 
dicators and gear handle, a required visual 
gear check, and a verbal before-landing 
check-list by the co-pilot. “Human fac- 
tors” may be confidently predicted to re- 
main a problem. 

Extraterrestrial exploration will cer- 
tainly be of value to the anthropologist. 
Clark Randt, (’60) Director of the Na- 
tional Aeronautic and Space Administra- 
tion’s new Office of Life Sciences, has re- 
cently noted that “the basic study of 
extraterrestrial environments is ultimately 
likely to be most productive in furthering 
an understanding of the fundamental 
laws of nature. Among the most perplex- 
ing questions which have challenged 
Men’s minds are the nature and origin of 
life and the possibility of its presence 
in the universe other than on the earth 
alone. For the first time in history, partial 
answers to these questions are within our 
reach.” Certainly since 1609 at least, when 
Galileo Galilei built the first astronomical 
telescope and confirmed the hypothesis of 
Copernicus that the sun is the center of 
our universe, man has speculated on the 
possibility of extraterrestrial life. 

Although only the still unseen, but grav- 
itationally demonstrated, planet orbiting 
61 Cygnus is the sole recognized planet 
known to Man outside our solar system, 
Shapley (’60) has calculated that there are 
not less than 10” stars capable of “radia- 
ting the energy necessary for synthesis of 
the animate out of the inanimate” and that 
our galaxy is but one of billions in the 
universe we know. 

However, it has only been within the 
past 7 years that the biologist has been 
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able to obtain sufficient basie ecological 
data concerning certain other known 
planets of our solar system to consider 
this problem seriously. Strughold in 1953 
made the first physiological study of the 
possibility of life on Mars, confining him- 
self to known manifestations of life as 
found on this planet. Due to the fact that 
Mars apparently has a terrestrial environ- 
ment similar to that of earth at 56,000 
feet altitude, it was concluded that man, 
properly equipped, could survive there. 
Yet, it would be very unlikely that other 
forms of life as we know it higher than 
lichens or bacteria could be native to the 
Mars environment, and this has been con- 
firmed in three recent laboratory simula- 
tions of growth in a Martian environment 
(Davis et al., 59; Kooistra et al., ’58; 
Vishniac, 60). Beyond this we can only 
speculate. 
SUMMARY 


This paper has briefly considered a num- 
ber of the current major aerospace re- 
search areas which are of prime interest to 
the physical anthropologist. While the 
areas of human tolerance studies and 
problems in future manned space flight 
restraint systems have been emphasized, 
it should be noted that there are many 
other areas of equal importance which 
could benefit and in some cases are bene- 
fiting from anthropological knowledge and 
techniques. No mention, for example, has 
been made of the social relationships im- 
plicit in the inhabiting of a confined area 
for extended periods of time (although 
the implications of this have not been 
missed by science fiction writers), nor of 
the long-term effects of various types of 
radiation upon the human organism. 

In conclusion, it seems apparent that 
the discipline of physical anthropology can 
be of particular value in current and fu- 
ture aerospace medical research. Cer- 
tainly no other area of study has inherent 
in its structure such a comprehensive 
range of knowledge concerning man. 
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| The Fulani are one of the largest tribal 
\groups of Africa, spread over nearly half 
its width, from Senegal in the west to 
| Wadai, east of Lake Chad. In part they are 
settled town dwellers who, as a result of 
jvigorous military and political action be- 
ifore and shortly after the arrival of the 
Europeans, became the ruling class in 
jseveral areas of West Africa. The town 
idwellers have, in general, intermarried 
jwith the groups they governed and, to a 
jlarge extent, forgotten or abandoned many 
jof their ancient customs and their lan- 
jguage. The seminomadic “cow” Fulani, 
who still follow their ancient pastoral life, 
|have remained more aloof from their 
|neighbors and, to a large extent, retained 
}the Fulani language and customs (de St. 
} Croix, ’45). 

There has been a great deal of conjec- 
{ture as to the affinities of the Fulani, and 
(several theories of Caucasoid origin have 
‘been advanced. Delafosse (with very little 
/evidence) considers them a group of 
| Aramaic-speaking Judeo-Syrians who en- 
itered Negro Africa from Cyrenaica about 
200 a.p. (quoted in Greenberg, 49). How- 
ever, Greenberg (’49) has shown that their 
language does not belong to the Hamito- 
Semitic group but closely resembles Serer- 
Sin (a language spoken in Senegal) 
and has a more remote connection with 
Wolof—a language spoken in the same 
region and elsewhere in West Africa. 
This places it in the northern sub-group of 
Westermann’s West Atlantic section of the 
West Sudanic family, or in the western- 
most branch of Greenberg’s Niger-Congo 
group, neither of which is a Hamitic lan- 
guage group (Greenberg, ’49). The Fulani 
are known by other names in other regions 
of West Africa, Foulah, Peul, Foul-be, etc., 
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and anthropological and other differences 
may exist between these populations. 
Blood group studies have been reported on 
some of these populations but none, to our 
knowledge, on the nomadic Fulani of Ni- 
geria (Koerber, 47; Koerber and Linhard, 
701; Kossovitch, *34; de Lestrange, ’49; 
Moullec and Linhard, 755; and Trinc4o, 
133): 

The Yoruba are the dominant tribal 
group in western Nigeria, and enclaves of 
Africans of Yoruba descent who still main- 
tain some of their customs are found in 
Brazil and Cuba (Verger, 55). Blood speci- 
mens were collected from the Yoruba for 
studies reported elsewhere (Allison, Blum- 
berg and ap Rees, ’58; Steinberg et al., 61), 
and blood group tests were done on these 
specimens for comparison with previously 
published data. Previous blood group tests 
on the Yoruba have been reported by Mul- 
ler (27), Garlick (57), Garlick and Barni- 
cot (57) and Chalmers, Ikin and Mourant 
(753), most of whose South-west Nigerians 
were Yoruba. 


MATERIALS AND METHODS 


Blood was collected in “venules” (Win- 
throp Products, Ltd.), allowed to clot, re- 
frigerated at approximately 4°C, and sent 
by air to London for blood typing. The 
tests were completed within three to 7 days 
of collection, and all bloods were deemed 
satisfactory for typing. Tests were car- 
ried out for the following antigens: Au, A», 
B, M, N, S, Henshaw, P:, C, c, C” (all 
negative), D, D*, E, e, V, K. All specimens 
were also tested for Lu’, all with negative 
results, and for Fy*, with only one positive 
result among the Fulani. In view of the 
known difficulty in testing specimens for 
the last two antigens when they are several 
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days old, and in the absence of adequate 
positive controls, these results have not 
been included in the tables. Fifty-nine 
Yoruba specimens were tested for the 
Diego (Di*) antigen, all with negative re- 
sults. 

Fulani. The Fulani bloods were col- 
lected in two groups. The first group con- 
sisted of 89 specimens collected by one of 
the authors (BSB, collection 1). These in- 
cluded 74 from Rimi and Kakio villages, 
both near Kaduna, Northern Nigeria, and 
15 from visiting herdsmen in the market 
place at Gasawaba, Northern Nigeria. The 
second group consisted of 59 bloods for 
which we are indebted to Dr. Hayhurst, 
Medical Officer at Pankshin, (collection 2). 
These were collected from Pastoral Fulani 
from the region near Pankshin, Northern 
Nigeria. The samples were unselected as 
to sex and age. It was at first intended 
to treat these groups together, but it was 
found that they differed markedly in their 
MNS phenotype frequencies. After con- 
sidering treating them as completely sepa- 
rate populations, it was finally decided to 
perform separate calculations upon their 
MNS groups but not to separate them 
otherwise. One reason for this decision 
was the large number of Rh phenotypes 
detected by means of the antisera used, 
including anti-V: as a result separate treat- 
ment would have meant that the numbers 
of each phenotype within each population 
would have been unduly small for statisti- 
cal treatment. 

Yoruba. One hundred and thirty-five 
bloods were collected from unrelated in- 
dividuals in the village of Ilora, near Iba- 
dan, in the western region of Nigeria. The 
majority (approximately 85% ) of the sub- 
jects were school children, but some adults 
were included and the sexes were about 
equally represented. Gene frequency cal- 
culations were performed by the methods 
described by Mourant (54). From the 
gene frequencies, the expected frequency 
of each phenotype was calculated, and 
from this the expected absolute number. 
Comparison with the number originally 
observed gave a value of x? for that pheno- 
type. Expected numbers less than 5 were 
combined for this purpose. The total value 
of x* taken in conjunction with the num- 
ber of degrees of freedom gave the prob- 
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ability of such a distribution in a rando 
sample. x’ values are not given for table} 
3 and 9 because of the small numbers ir 
some of the groups. 


RESULTS AND DISCUSSION 


The results of our tests, and gene fre: 
quencies calculated from them, are sho 
in tables 1 to 11. In tables 4 and 9 th 
method used for representing the Rh phe: 
notypes is that proposed by Mourant (49), 
the presence or absence of the V antigen 
being expressed on exactly the same lines} 
as for the other antigens, by V or wv. 
Most of the comparative data discussed be-]) 
low will be found tabulated, set out i if 
maps, and discussed in Mourant (’54), | 
Mourant, Kopec and Domaniewska-Sobczaki} 
(58) and Roberts, Ikin and Mourant (’55).,]) 

Fulani. As already stated, the tw 
batches of Fulani are treated separately asi 
far as their MNS blood groups are con 
cerned. Those of collection 2, though small 
in number, show a particularly high fre- 
quency of the N gene, which suggests a 
relationship with the Berber and Tuareg 
populations to the north (Messerlin and 
Lohro, 51; Jacquemin, ’52; Barnicot, Ikin 
and Mourant, ’54). The high O frequency 
in the same batch supports this suggestion, 
as do the Rh frequencies in both batches, J 
for CDe is considerably higher and cDe 
lower than in any other African popula-\ 
tions so far tested from south of the Sa- 
hara other than the Tuaregs. However, 
the frequency of the d gene (all as cde) 
is about that usually found in Africans and 
nowhere near the high figure found in Ber- 
bers and Tuaregs. This is compatible with 
a Mediterranean rather than a Berber ad- 
mixture. The frequency of 45% of cDe 
chromosomes is, however, consistent with 
the thesis that these populations are in 
the main of Negroid origin. 

The only other available data on the 
MNS and Rh groups of the Fulani (apart 
from 11 individuals included among the 
“Northern Nigerians” by Chalmers, Ikin 
and Mourant, ’53) are an unpublished ser- 
ies by Garlick, Ikin and Roberts. These 
have a cDe chromosome frequency of 55% | 
and thus appear to be more negroid than | 
either of the present series. A higher cDE } 
frequency of 10% suggests connections | 
with other Nigerian tribes and with the 
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TABLE 1 
The A1:A2BO groups of the Fulani 
Number Fre F 
Group observed Gbssrved expected” evpocted x? 
re) 82 0.5541 0.5381 79.64 0.0699 
Ai 24 0.1622 0.1582 23.41 0.0147 
y Ag 8 0.0541 0.0753 11.14 0.8869 
B 26 0.1757 0.1932 28.59 0.2345 
AiB 3 0.0203 0.0232 3.43 
A.B 5 0.0338 0.0121 1.79 Coot 
Total 148 1.0002 1.0001 148.00 2.6957 
it Gene frequencies 
if Py 0.0952 
P, 0.0496 
ip q 0.1216 
i r 0.7336 
Total 1.0000 
| TABLE 2 
iF MNS groups in Fulani 
i Collection 1; 89 specimens sent by Dr. Blumberg 
Numb. F F Numb 
Phenotype observed Saeed ecpeced expected x 
T MMS 11 0.1235 0.1223 10.89 0.0011 
4p MsMs 12 0.1348 0.1333 11.86 0.0015 
i MNS 13 0.1461 0.1473 ieyalat 0.0009 
ih MsNs 31 0.3483 0.3526 31.38 0.0047 
| NNS 1 0.0112 0.0112 1.00 0.0028 
| NsNs PHI 0.2360 0.2332 20.75 : 
Hf Total 89 0.9999 0.9999 88.99 0.0110 
Chromosome frequencies 
MS 0.1405 
Ms 0.3651 
| NS 0.0115 
i Ns 0.4829 
} Total 1.0000 
TABLE 3 
MNS groups in Fulani 
Collection 2; 59 specimens sent by Dr. Hayhurst 
N b F. F Number 
Phenotype observed observed” expected expected 
MMS 3 0.0508 0.0197 1.16 
MsMs 8 0.1356 0.0538 3.18 
MNS 2) 0.0339 0.0888 5.24 
MsNs 8 0.1356 0.3065 18.08 
NNS ai 0.1186 0.0949 5.60 
NsNs 31 0.5254 0.4362 25.74 
Total 59 0.9999 0.9999 59.00 


Chromosome frequencies 


MS 0.0391 
Ms 0.2320 
NS 0.0683 
Ns 0.6605 


Total 0.9999 
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TABLE 4 
The Rh groups of the Fulani | 
F ency Number 2 } 
Phenotype eee See ered expected x 
L733 
ccDeeV 36 0.2432 0.2607 38.59 0. 
ccDeevv 24 0.1622 0.1481 21.92 0.1969 
CcDeeV 26 0.1757 0.1530 22.65 0.4965 
CcDeevy eiss 0.2365 0.2350 34.79 0.0013 
vey 2 ee 283.8027 
ccDEevv 2 f i : 
CCDeevy 10 0.0676 0.0825 1220 0.3982 
ccD"eeV 2 0.0135 0.0136 2.02 
CcDEevv 4 0.0270 0.0213 3uL6 0.4877 
ccDEEvv 1 0.0068 0.0014 0.20 
ccddeeV 2 0.0135 0.0147 2.18 0.0004 
ccddeevv 3 0.0203 0.0194 2.86 
Total 148 1.0001 0.9999 148.00 2:5070 
Chromosome frequencies 
CDev 0.2872 
cDEv 0.0372 
cDeV 0.1872 
cDev 0.2701 
cDeV 0.0338 
cdeV 0.0454 
cdev 0.1391 
Total 1.0000 
TABLE 5 of consistency. The present results show 
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K— 147 


Pir 141 
Pa ve 


TABLE 6 
The Henshaw groups of the Fulani 


MNS 


phenotype Het 
MMS (0) 
MsMs (0) 
MNS (0) 
MsNs 1 
NNS 1 
NsNs (0) 
Total! 2 


1 Out of 148 tested, and listed in tables 2 and 3. 


Belgian Congo. The MNS frequencies are 
intermediate between the two present ser- 
ies but the rather high N supports the 
theory of Berber admixture in the Fulani. 
The ABO frequencies also are intermediate 
between those of our two series in most 
respects. A fuller comparison will be made 
with the present data when the new mate- 
rial is published. 

Results of previous tests on the ABO 
groups of the Yoruba show a high degree 


a higher frequency of B, but the excess 
(of B+AB) is not quite significant statisti- 
cally (Oe = 3:69, P.0,05)); 

The only published results of Rh and 
MNS tests on Yoruba are those of Chal- | 
mers, Ikin and Mourant (’53) whose 
“South-western Nigerians” were mainly 
Yoruba (102 out of 145). The present re- 
sults differ little from these for the MNS 
system, and for the Rh system the main 
difference consists in a lower frequency of 
cDE in the present series, with a chromo- 
some frequency of 1.1% as compared with 
8.3% for the series of Chalmers et al. 
(53). Dr. Ada Kopeé has kindly extracted 
the figures for Yoruba alone from the com- 
bined data of Chalmers et al. (53), and 
calculated chromosome frequencies: that 
of cDE is 7.35%. Chalmers et al. C53) 
found higher frequencies of cDE than this 
in all the other Nigerian populations ex- 
amined and the frequency is high also in 
the Belgian Congo. | 

The frequencies of the Henshaw anti- 
gen, 1.4% in the Fulani and 2.2% in the } 
Yoruba, are near to those found previously } 
in Nigeria. The present data, taken by } 
themselves, give little information as to 


} 


| proved to be very high both in Fulani 


. 
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TABLE 7 
AiA2BO groups of Yoruba 


Number Frequency 


Frequency Number 


G 
Zour observed observed expected expected x? 
O 60 0.4444 0.4414 59.60 0.0027 
Ai 2A 0.1556 0.1426 19.25 0.1595 
As 8 0.0593 0.0756 10.21 0.4793 
B 38 0.2815 0.2848 38.45 0.0053 
AiB 3 0.0222 0.0350 4.72 
AsB 5 0.0370 0.0205 2.77 Cae 
Total 135 1.0000 0.9999 135.00 0.6810 
Gene frequencies 
Py 0.0931 
P2 0.0547 
q 0.1878 
r 0.6644 
Total 1.0000 
TABLE 8 
| 
| MNS groups of Yoruba 
| 
Number F F 
Phenotype  Numbeg . Faegueney oy ae “ 
MMS i 0.0519 0.0456 6.16 0.1156 
MsMs aT 0.2000 0.1687 22.78 0.7823 
| MNS is 0.0889 0.0999 13.49 0.1642 
MsNs 45 O3833 0.3973 53.64 1.3920 
l NNS 8 0.0593 0.0545 7.36 0.0565 
| NsNs 36 0.2667 0.2339 31.58 0.6187 
i) Total $35 1.0001 0.9999 135.01 3.1293 


Chromosome frequencies 


MS 
Ms 
NS 
Ns 


Total 


| which of the MNSs chromosomes carry the 
‘Henshaw gene. They are consistent with 
/its going only with N, but if so then in at 
_least two out of the 5 positives it accom- 
panied Ns, not NS as previous tests 
showed to be the rule in Nigeria. 

The frequency of the V antigen also has 


(46.6% ) and in Yoruba (40% ). In agree- 
ment with previous findings, the V gene 
appears to accompany only cDe, cD"e or 


ede, and mainly cDe, in these populations. 


The Yoruba have been found to have a 
high incidence of the haptoglobin type 1-1, 
and a large number of individuals with 


very little or no haptoglobin (Allison, 


Blumberg and ap Rees, ’58). Preliminary 
studies on the Fulani reveal a similar pat- 
tern. The Fulani also have a high fre- 


0.0522 
0.4108 
0.0534 
0.4837 


1.0001 


quency of the transferring D gene (Tf?). 
(Blumberg and Gentile, 61). 


SUMMARY 


The blood groups of Nigerian Yoruba 
and Fulani have been studied. There is a 
suggestion of some Mediterranean admix- 
ture in the Fulani. The results in the 
Yoruba are consistent with previous studies. 
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TABLE 9 
The Rh groups of the Yoruba 


Number 
Phenotype heeled Teed “expected” expected 
ccDeeV 47 0.3481 0.3439 46.43 
ccDeevv 56 0.4148 0.4201 56.72 
CcDeeV 4 0.0296 0.0347 4.68 
CcDeevv 16 0.1185 0.0974 13.14 
ccDEeV — — 0.0050 0.68 
ccDEevv 1 0.0074 0.0151 2.05 
ccD"eeV 1 0.0074 0.0074 1.00 
CCDeevv — — 0.0056 0.75 
CcDEevv os — 0.0018 0.24 
ccDEEvv 1 0.0074 0.0001 0.02 
CcddeeV 1 0.0074 0.0011 0.15 
Ccddeevv i 0.0074 0.0137 1.85 
CCddeevv — — 0.0011 0.14 
CcD*eeV — — 0.0010 0.14 
ccddeeV 1 0.0074 0.0073 0.99 
ccddeevv 6 0.0444 0.0446 6.02 
Total 135 0.9998 0.9999 135.00 
Chromosome frequencies | 
CDev 0.0490 | 
cDEv 0.0111 
Cdev 0.0325 
cDeV 0.1933 
cDev 0.4705 
cD'eV 0.0157 
cdeV 0.0166 
cdev 0.2112 
Total 0.9999 1 | 
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and Non-Migrant Mexicans 


The purpose of the present study is to 
jcontribute additional data for the analysis 
lof factors influencing differences in an- 
jthropological measurements of migrant 
jand non-migrant Mexicans. The data for 
jthe present study was collected in the 
ee community of Uruapan, State of 
|Michoacan, Mexico in 1948. The investi- 
| gation was supported by a research grant 
(from the Wenner-Gren Foundation for 
| Anthropological Research. Data on 477 
}adults, previously collected in the town of 
| Paracho, has been used in a series of sim- 
jilar studies by Lasker (’52a, b, ’53a, b, and 
}54), and by Kaplan (’53a, b). 


MATERIALS AND METHODS 


| Inthe present study a series of measure- 
| ments similar to those employed by Las- 
{ker, (loc. cit.) were taken by Evans on 
(159 adult males and 121 adult females 
|in Uruapan. Uruapan is a city of approxi- 
| mately 40,000 inhabitants, located in the 
/ mountain country on the border of the 
| Tarascan Indian zone. The people are 
| predominantly Mestizo and lead a charac- 
teristically Mexican way of life. Although 
Uruapan is only 35 kilometers from Para- 
cho, the social origins of the people meas- 
ured are probably more analogous to the 
Mexicans studied by Goldstein (’43) and 
Kelly (’47) than to the people of Paracho 
who are somewhat more Indian. 

The principle question involved in the 
present studies is whether there are sig- 
nificant differences in mean measure- 
ments of a variety of body dimensions be- 
tween (a) Mexicans in Uruapan who were 
born and have always lived in Mexico, 
(b) those born there but who have lived, 
for various periods of time and beginning 
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at various ages, in the United States, and 
(c) persons living in Uruapan who were 
born in the United States of Mexican par- 
ents. 

The male individuals were divided into 
6 subgroups and the females into 4 sub- 
groups. The first male subgroup (1) con- 
sisted of the sedentes, or individuals who 
were born and had lived all their lives 
in Mexico. The second group of men (2) 
consisted of those who were born in the 
United States but were living in Mexico. 
The third group (3) consisted of individ- 
uals who were 16 years of age or less the 
first time they left Mexico and who were 
out of the country for two years or more. 
The fourth group (4) consisted of indi- 
viduals whose ages varied between 17 and 
26 years of age the first time they left 
the country and who also remained out of 
the country two or more years. The fifth 
group (5) consisted of men who were 
26 years of age or less the first time they 
left the country and who remained away 
for one year. The final group of men (6) 
were 27 years or older the first time they 
left Mexico. 

The first group of females (7) were the 
sedentes, the second group (8) consisted 
of those born in the United States but who 
were living in Mexico. The third group 
(9) were 16 years of age or less the first 
time they left Mexico and stayed away for 
two or more years. The fourth group (10) 
were women who were 17 or more years 
of age the first time they left Mexico and 
who also stayed away for two or more 
years. 

The statistically significant differences 
between the means for the various phys- 
ical characteristics measured were ana- 
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AGE, ENVIRONMENT AND MIGRATION 


lyzed by means of Student’s “t” tests in 
which t=the difference between the 
means of the two subgroups divided by 
the standard error of the difference. Those 
differences which are statistically signifi- 
cant at the 5% level of probability are so 
designated in the tables and figures. 


RESULTS 
Age differences 


The data for the various subgroups of 
individuals are summarized in tables 1 and 
2. Figures 2 through 26 show that there 
are 80 statistically significant differences 
between mean measurements of subgroups 
of the same sex. 

A closer examination of the statistically 
significant differences among the various 
physical characteristics reveals that many 
of them are what one would expect on the 
basis of the mean age differences between 
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the various subgroups (fig. 1). Age differ- 
ences in measurements have been noted by 
other investigators (table 3); age changes 
apparently account for most of these dif- 
ferences but only a few investigators re- 
port data on the same individuals meas- 
ured on different occasions. 

From the data presented in table 3 it is 
evident that stature decreases with age. 
This can account for the fact that the sub- 
group of females of the youngest average 
age, i.e., the American-born (8), are sig- 
nificantly taller than the two oldest sub- 
groups (7 and 10). Sitting height also 
seems to decrease with age, which explains 
a significant difference between the stature 
of the same subgroups. Age may also 
account for the fact that the male sub- 
group with the oldest mean age (4) is sig- 
nificantly shorter than the subgroup with 
the youngest mean age, the American- 
born *(2)). 


TABLE 2 


Means and standard errors of the means of the measurements of sedentes and migrant Mexicans in 
Uruapan, Mexico (females) 


Series a 9 10 
Migration Sedentes Born in U.S.A. Pied ea jess os ee Sere eas are 
Number 67-70 15-16 18-20 13-15 
Mean S.E. Mean S.E. Mean S.E. Mean S.E. 
Age 36.07 ist PRL SM | 2.5 33.60 1.5 50.00 2.0 
Stature 522 U2 iltetereys6) 12.9 1525.0 10.5 1489.8 eS) 
Sitting height 796.9 4.8 815.3 6.0 803.1 7.9 781.3 10.4 
Biacromial Oude, a7 30521 ae) 310.0 4.5 Slow 6.9 
Chest width Olas 3.0 267.3 6.7 272.0 Sl 281.7 3 
Arm length 678.1 3.8 678.5 7.4 667.0 6.8 662.5 6.8 
Radius length 226.2 1.6 223.9 $3) Q23nl 2.8 220.9 3.8 
Tibia length 348.0 2.3 347.3 4.1 347.3 4.6 335.6 4.3 
Hand length 164.4 0.9 168.3 1.4 164.8 thee 163.4 2.6 
Hand breadth 73.6 0.5 74.1 1.1 Wo 0.9 TES 1.0 
Foot length 229.8 1e3 236.4 Pdf 228.0 DAs 228.5 oe 
Head eee 179.2 0.7 178.5 1.5 180.2 i1(6) ides 1.6 
Head breadth 143.6 0.6 146.3 1.5 143.7 1.2 142.5 I.) 
Minimum frontal 106.1 0.7 105.9 1.3 104.9 1.1 105.6 1.3 
Bizygomatic 129.4 0.7 131.5 1.5 128.2 0.9 131.7 ED) 
- . 0.9 100.9 1.5 
Bigonial 100.4 0.7 102.8 ito? 98.2 ; 
Raieoculae 27.3 0.3 26.4 0.7 26.8 0.6 28.3 0.7 
Total facial ht. 111.0 0.9 109.0 1.8 111.4 1.3 110.7 0) 
Upper facial ht. 62.4 0.5 61.6 ile 64.0 1.2 62.1 1.5 
Infradent.-menton 38.4 0.4 Slot 0.6 39.3 0.6 39.3 0.5 
Nose height 45.8 0.4 46.8 ileal 47.2 0.8 46.6 0.9 
Nose breadth 34.1 0.4 34.1 0.8 34.2 0.5 35.9 Oni 
Mouth width 49.7 0.4 49.3 0.9 50.2 0.8 Sys) iL oe 
Ear height 61.1 0.5 59.5 1.2 60.6 0.6 63.6 1.1 
SPAY) 0.4 32.4 0.7 SPAT 0.6 35.1 0.8 


Ear width 
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Several studies indicate that biacromial 
diameter decreases with age. The male 
subgroup with the youngest mean age (2) 
is significantly larger in this dimension 
than one of the older subgroups (5). 

Chest width and especially chest depth 
increase with age. Four significant differ- 
ences in chest width and 9 in chest depth 
all show that subgroups with older aver- 
age ages are larger in these respects than 
those groups with younger average ages. 

Little is known about age differences in 
the lengths of the upper limb, radius, tibia 
and foot. 

Head length, head breadth (except in 
Japanese), minimum frontal, bizygomatic 
and bigonial breadths seem to increase 
with age. This, however, is not consist- 
ently reflected in the significant differ- 
ences found in the present material. 

Most studies, except for that of Gold- 
stein (36) on young and elderly Jews, in- 
dicate increases in facial heights during 
adulthood. Four significant differences in 
nasion-menton (morphological face height) 
and 8 of infradentale-menton (lower face 
height) show the youngest and next to the 
youngest subgroups significantly smaller 
in these respects than other subgroups of 
greater average age. 

Nose breadth and mouth width increase 
progressively with age which may account 
for the significant differences in these fea- 
tures. 

Age changes in interocular breadth are 
unknown. 

Hand length and breadth may increase 
with age. However, the significant differ- 
ences in hand dimensions between sub- 
groups are not those one would expect on 
the basis of age. 

Both ear dimensions increase with age. 
The 9 significant differences in ear height 
and 4 in ear breadth show that the sub- 
groups of greater average age are larger 
in these respects. 


Remaining differences 


There are 30 differences at the 5% level 
of significance which pertain to the fol- 
lowing measurements: first, those having 
no definite age trend, or those in which 
the observed differences are not explicable 
on the basis of the age, and second, those 
differences pertaining to a dimension 


] 

] 
AND F. GAYNOR EVANS | 
where some other significant comparison 
is contrary to the age expectation. Thirty 
differences represent only 5.85% of the} 
513 subgroup comparisons tested for sig- |} 
nificance. 

Although the remaining 30 significant }} 
differences may well be random, two pos- }} 
sible ways of explaining some of them are: ]} 
first, a tendency toward a selective factor }} 
differentiating sedentes from migrants, in- ]} 
cluding those who first went to the United ]} 
States as adults; second, the effects of }] 
environmental differences between Mexico ]} 
and the United States. The latter factor ]| 
would be manifested by a measurement 
gradient varying from the sedentes through 
migrants who spent short periods in the 
United States to those who spent most of 
their growth period there. 

Males who went to the United States 
when fully mature (6) have a significantly 
longer upper limb than those who migrated | 
before the age of 16. The radius length of 

Fig.3 
Sitting height 

i} 


Fig. | 
Age when measured 


Fig. 2 
Stature 


Arabic numerals denote subseries represented 


Size of solid black circles indicates rank order of mean 


Mean of subseries at the apex 
is significantly smaller (p <.05) 
than that of subseries at the base 


Means of subseries are not 
significantly different (p >.05) 


O eacowees 


Figs. 1-26 A comparison of age and measure- 
ments between different subgroups of Mexicans 
in Uruapan. Males: 1, sedentes; 2, born in the 
United States of America; 3, first migrated at age 
of 16 or less and stayed for two or more years; 
4, first migrated between 17 and 26 years of age 
and remained for two or more years; 5, first mi- 
grated at 26 years of age or younger and remained 
for one year; 6, first migrated at 27 years of age 
or older. 

Females: 7, sedentes; 8, born in the United 
States of America; 9, first migrated at age of 16 
or less and stayed for two or more years; 10, first 
migrated at 17 years of age or older and stayed 
for two years or more. 
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Fig. 
Interocular diam. 
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Fig. 
Bigonial diam. 
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Fig. 
Bizygomatic diam. 


Fig. 6 
Chest depth 


Fig. 5 


Chest width 


Fig. 4 
Biacromial diam. 
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Fig. 21 
Lower facial height 


Fig. 20 
Upper facial height 


19 


Fig. 
Total facial height 


Fig.9 
Tibia length 


Fig.8 


Radius length 


Fig. 7 


Fig. 24 
Mouth width 


Fig. 23 
Nose breadth 


Fig. 22 
Nose height 


Fig.12 
Foot length 


Fig. I! 


Hand breadth 


Fig. 10 
Hand length 


Fig. 26 
Ear breadth 


Fig. 25 
Ear height 
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Fig. |5 
Min. frontal diam. 
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Fig, 14 
Head breadth 


Fig. 13 
Head length 
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Figures 4 to 26 
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TABLE 3 
Age differences in adults from published sources 
. None, other or 
Increases with age Decreases with age irregular trends 
Male Female Male Female Male Female 
1,4,5,7,9, 4,6,9, 10 
eo 10,11,14 11,14 5 4 
oe i 7,10 10 4, 
ae 79 9 5,10 6,10 
Chest width 5,14 ee 10 
Chest depth 5,10,14 
Arm length ips a 
Radial length 16 
Tibia length 10 0 ao 
Foot length 
Head length gL WET i 4,6,8,10, 2 TOMES 9,11 
8,9,12 12 
Head breadth 4,5 4,10,11 7,8,9,12 8,9,12 ae 6 
Minimum 
frontal 2,4 4 1 SOs 10,11 | 
Bizygomatic OL sh 4,10,11 ETS) 6,9,10: 
10,11,15 | 
Bigonial 2°AR5s 4,10 7,9 6,9,11 
10,11 
Total 
morphological 
face height 14ers 4,6,10, 2 5,9,10 9,11 
iia eas) 15 
Upper face 
height 4,5 4 2 10 10 
Lower face 
height 15 10 2 10 
Nose height IL OMES 7/5 6,9 10 10,11 } 
9,11,15 
Nose breadth 1 ORS s/s 6,9, 
9,10,11 10,11 
Mouth width 2,9,10 9,10 
Interocular 10 10 
Hand length 3 3 10,11 10,11 
Hand breadth 3 3,11 10,11 10 
Ear height LOS 6,10,11, 12 12, 
13 13 
Ear breadth el Onli 6,10,11, 
is 13 


(1) Hawaiians (Wissler, 27); (2) American Jews (Goldstein, 36); (3) Swiss (Biichi, 49); (4)\f) 
Swiss (Bichi, 50); (5) Irish (Hooton and Dupertuis, ’51); (6) Japanese (Ikeda and Yasuzawa, ’51) 3) 

51); (8) Japanese (Kakimoto, ’53); (9) Japanese (Otsuki, ’53); 
Mexicans (Lasker, ’53); (11) Mexicans (Goldstein —see Lasker, ’53 ); (12) Japanese (Yoshihisa et al., 
54); (13) Japanese (Tubaki and Onuki, ’55); (14) Japanese (Takahashi and Atsumi, 


(7) Japanese (Yasuzawa, 
Americans (Baer, ’56). 


those who migrated when mature (6) is 
also longer than that of sedentes (1). 
These findings would be consistent with 
the a priori assumption of selection for 
long arms in mature worker migrants. 
However, no such difference was found 
in Paracho (Lasker, 52). The fact that 
sedente females (7) have significantly 
longer arms than one subgroup of female 
migrants (10) does not obviate the possi- 
bility of selection limited to males. The 


(10) 
*95); (15) 


tibial length of female sedentes is signifi- 
cantly longer than that of the same group" 
of migrants (10). This corresponds to the 4 
findings for the upper extremity. | 

In hand length the United States-born ] 
males exceed two of the migrant sugroups | 
(3 and 4) and the United States-born fe-. 
males exceed the sedentes. In hand breadth. 
the United States-born males exceed the | 
sedentes and in foot length the United} 
States-born males exceed the sedentes and. 
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the United States-born females exceed 


| every other female subgroup. These dif- 


ferences are the clearest evidence of an 
environmental factor. 
The possibility of a selective migration 


} from Mexico specifically involving hand 


breadth has been discussed previously 
(Lasker, 54). The present findings sug- 
gest that Mexicans living in the United 
States may have larger hands and feet 
than those living in Mexico, a conclusion 
consistent with the results of previous 
studies by Goldstein (’43) and Lasker 
(’52b). Similar reasons may account for 
the fact that most Americans living abroad 
find that shoes available for purchase are 
too small for them. 

The head length of mature male mi- 


»,} grants who went to the United States (6) 


is significantly smaller than that of one 
other group of migrants (4). The head 
breadth of male migrants who went when 
young (3) is significantly greater than that 
of two other groups of migrants (4 and 6). 
In females the head breadth of the United 
States-born is significantly greater than 
that of one of the migrant groups (10). 
The data for head breadth suggests that 
the migrants who first went to the United 
States when young and the United States- 
born may tend to have wider heads be- 
cause of an environmental effect during 
growth. This corresponds in general with 
the finding in Paracho (Lasker, ’52b) and 
with that of Shapiro (’39) on Japanese but 
not with Goldstein’s (’43) data on Mexi- 
cans born in the United States. 

In minimum frontal diameter one group 
of migrants (5) is significantly different 
from another (6) but there is no ready 
explanation. 

In bizygomatic diameter the males of 
subgroup 3 significantly exceed sedentes 
and two of the other subgroups of mi- 
grants (5 and 6). This is in general ac- 
cord with the previous findings on Mexi- 
cans (Goldstein, ’43; Lasker, 52b) and 
would suggest the environmental factor 
were it not for Goldstein’s observation of 
narrower faces in a large group of United 
States-born Mexicans. Furthermore, the 
fact that the bizygomatic diameter in fe- 
males of subgroup 10 is significantly 
greater than that of subgroup 9 does not 
add weight to the argument. 
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The bigonial diameter shows a whole 
series of significant differences. Among 
males, the younger the migrants were 
when they went to the United States and 
the longer they stayed the larger this meas- 
urement. The male migrants who went 
when 27 or more years of age and the se- 
dentes are the smallest in this dimension. 
These facts strongly suggest an environ- 
mental factor. However, the American- 
born group is also significantly smaller in 
bigonial diameter than one group of mi- 
grants (3). The findings on bigonial diam- 
eter accord with previous data on Mexi- 
cans (Goldstein, 43; Lasker, ’52b). If one 
adds the postulate of the age factor it 
helps to account for the small bigonial 
diameter in sedentes and American-born 
males. Otherwise, it is difficult to explain 
the female data in which both sedentes 
and United States-born subgroups have 
significantly larger bigonial diameters than 
women who migrated to the United States 
before the age of 17 (9). 

Male sedentes exceed American-born in 
interocular width. In other breadth meas- 
urements it is the migrants who tend to 
exceed the sedentes. 

Because of a suggestion of an environ- 
mental factor in some measurements, the 
differences in stature, sitting height, and 
biacromial diameter may be explained on 
the basis of environment as well as of age. 
Differences in these measurements are also 
consistent with the hypothesis of the en- 
vironmental factor in previous studies 
(Shapiro, 39; Goldstein, 43; Lasker, 52; 
Kaplan, ’54). 


SUMMARY 


1. A series of anthropometric measure- 
ments were taken on 159 adult male and 
121 adult female individuals living in the 
town of Uruapan, State of Michoacan, 
Mexico. 

2. The problem studied was whether or 
not there are significant differences in the 
mean measurements for the various body 
dimensions between (a) individuals who 
were born in Mexico and have always lived 
there, (b) individuals born in Mexico but 
who have lived, for various periods of time 
and beginning at different ages, in the 
United States, and (c) individuals living 
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in Uruapan who were born in the United 
States of Mexican parents. 

3. To facilitate the study the male in- 
dividuals were classified into 6 subgroups 
and the females into 4 subgroups. The 
basis of classification into subgroups was 
(a) the country of birth, (b) whether or 
not the individuals had ever left Mexico, 
and (c) the age at leaving Mexico and the 
length of time spent outside of Mexico. 

4. The statistical significance of differ- 
ences between the means for the various 
anthropometric measurements were ana- 
lyzed by means of Student’s “t” tests. The 
differences which were statistically signifi- 
cant at the 5% level of probability were 
indicated in the tables and figures. 

5. Eighty statistically significant differ- 
ences between mean measurements of sub- 
groups of the same sex were found. Many 
of these differences are explainable on the 
basis of the mean age differences between 
the various subgroups. 

6. Thirty additional differences at the 
5% level of significance were also found. 
These differences pertained to measure- 
ments which (a) have no definite age trend 
or which are unexplainable on the basis 
of age or (b) differences where some other 
significant comparison is contrary to the 
age expectation. These 30 differences rep- 
resent only 5.85% of the 513 subgroup 
comparisons tested for significance. 

7. An environmental factor as well as 
age may account for some of the signifi- 
cant differences found in the study. 


CONCLUSIONS 


The difficulty of categorizing the various 
factors responsible for adult anthropo- 
metric dimensions is apparent from this 
study of Mexicans in Uruapan. The ex- 
treme importance of adult age changes is 
emphasized by the fact that most of the 
significant differences between subgroups 
of the same sex are consistent with and 
could very well result from differences in 
average age. 

In an anthropometric study, small differ- 
ences in the means are likely to be signifi- 
cant, and the investigator should consider 
the age of the subjects. This can be done 
only in a crude way in this study because 
in order to account for age differences, 
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considerable data which might have al} 
bearing on selective migration as well a 
environmental effects must be eliminated, 
In some instances it may be desirable ta 
match series for age at the time of collec- 
tion of the data. 

Although a larger series for the study of} 
such subtle factors as selection and en-] 
vironmental effects would be desirable,] 
certain tendencies are evident from the 
present study. There is a suggestion that} 
broader heads and faces (maximum head} 
breadth, bizygomatic diameter, bigonial 
diameter) in the United States may be the} 
result of an environmental factor. This} 
suggestion is even more tenuous in respect ] 
to hand length, hand breadth and foot} 
length. It may also be involved in the ob- 
served differences in stature, sitting height 
and biacromial diameter. 

The only evidence in the present study 
of a physical selection of migrants who 
returned home is a tendency toward longer 
upper limbs in male migrants who were 
fully mature when they first went to the 
United States. 
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|GENETIC BASIS OF MORPHOLOGICAL 
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VARIATION by R. H. Osborne and 
F. V. De George xxii + 204 pp., $5.00. 
Harvard University Press, Cambridge 
1959. 


Most of normal human variation is 


| quantitative, a fact which is now becom- 


ing evident even from blood group studies, 


) and one of the central problems in anthro- 
| pology today is to find ways of analyzing 


this variation in terms of the precise na- 


| ture of its genetically determined compo- 
| nent and in terms of the magnitude and 


biological significance of the contribution 


| so frequently made by environmental 
| heterogeneity. 


The “Genetic Basis of Morphological 
Variation” makes a fundamental contribu- 
tion to the understanding of this problem. 
The approach is through twin studies and 
the book is largely concerned with a par- 
ticular investigation carried out by the 
authors on over a 100 adult twin pairs in 
New York, about half of which were mono- 
zygotic. However, it is not merely a report 
of the results of this investigation, but also 
a complete appraisal of the value and 
methods of twin research and is full of 
stimulating and original ideas. Particu- 
larly important, in view of the strong crit- 
icisms that have recently been directed at 
twin studies, is the discussion of the ap- 
parent discrepancies between heritability 
estimates obtained from twin data and 
those obtained from other sources. In ex- 
planation the authors rightly emphasize 
the ramifying effects of the complete iden- 
tity of genotype which characterizes mono- 
zygotic twins but they seem to neglect that 
one of the consequences of having exactly 
the same homeostatic mechanisms is that 
the responses of such twins to environ- 
mental variation will tend to be more uni- 
form than those of dizygotic twins. Mongo- 
lism is rather a special case where incom- 
patible heritability estimates have been 
found. When the book was written the 
causes of this abnormality were not 
known, but the authors point out that, al- 
though the concordance in monozygotic 


twins is high and other types of analysis 
indicate only slight genetic determination, 
the validity of the twin estimates need not 
be doubted if cognizance is taken of the 
unique genetic makeup of the twins. Now 
that it is known that mongolism is due to 
trisomy the fact that the estimates are 
different is completely explicable and each 
is meaningful. One is only left wondering 
why concordance in monozygotic twins is 
not apparently complete. One of the most 
likely explanations is that the cases of 
non-concordance are due to errors in zy- 
gosity diagnosis. The problem of distin- 
guishing between monozygotic and dizy- 
gotic twins is considered in great detail in 
the book and it is apparent from rigorous 
procedure which the authors employed, 
that faulty diagnosis is unlikely to be a 
source of error in their own study. 

In the general review of twin methods the 
pitfalls to be avoided in obtaining a twin 
sample are comprehensively considered. 
In particular, much attention is given to 
the problems of ascertainment and the 
bias that can be introduced by uncritical 
application of Weinberg’s_ differential 
method for calculating the expected num- 
ber of dizygotic and monozygotic twins in a 
population. In this connection it may be 
pointed out that, contrary to statements 
made in the book, the likelihood of having 
monozygotic twins increases with maternal 
age, but this does not invalidate the 
author’s appraisal of the possible conse- 
quence of maternal age effects on twinning 
rate. The principal factor, of course, that 
upsets Weinberg expectations is differ- 
ential mortality of like and unlike sexed 
twins. 

So far as the particular study is con- 
cerned, the main object was to determine 
whether a hereditary component to nor- 
mal morphological variability can be meas- 
ured by the twin method with the tech- 
niques at present available. The approach 
was to compare by F-tests, the magnitude 
of intra-pair variances, of monozygotic and 
dizygotic twins in many anthropometric 
and other morphological characters such 
as fat, bone and muscle development and 
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somatotyping and masculinity-femininity 
ratings. In addition, comparisons were 
made between intra-pair and inter-pair 
differences of dizygotic twins and of intra- 
pair monozygotic differences, with esti- 
mates of the technical error obtained by 
measuring the same individual twice. The 
effects of sex on these differences were also 
systematically studied, and a cross-twin 
analysis was employed to indicate the ex- 
tent and nature of independent variation 
between pairs of characters, particularly 
those such as height and weight, head- 
length and head-breadth which have fre- 
quently been used for the calculation of 
indices of shape. The value of intra- inter- 
pair dizygotic twin comparisons is not par- 
ticularly evident except as a general meas- 
ure of the relative size of family and 
population heterogeneity. The authors 
hold that this comparison helps the inter- 
pretation of the monozygotic-dizygotic in- 
tra-pair ratios but this is only so if it can 
be assumed that the differential environ- 
mental effect can be neglected. 

While the relative magnitude of some 
of the variance ratios may suggest intri- 
guing possibilities so many different situa- 
tions can lead to the same unresolveable 
result, that the authors have rightly re- 
frained from making the comparisons. It 
needs to be said, however, that they also 
leave the reader to interpret many of the 
actual analyses made. Further, while it 
must be admitted that some facts are not 
easily explained, in places the account is 
unnecessarily obscure and diffuse and on 
occasion the arguments are definitely am- 
biguous. At one point, for instance, it is 
possible to believe the authors conclude 
that the greater number of genetic factors 
responsible for a phenotypic difference, the 
larger will be the population variance. In 
fact, of course, the situation is contrari- 
wise. As an example of obscurity; it is 
suggested from the fact that the taller of a 
pair of monozygotic twins is as frequently 
the lighter as the heavier that there “may 
be a hereditary component for gross size 
involving some proportionality of height 
and weight that is not described by pon- 
deral index.” Let it be said, however, that 
commanding evidence is subsequently ob- 
tained for the view that the ponderal index 
is an ineffective measure of genetic vari- 
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ability. The difficult problem of abstract: | 
ing morphological characters is throughs 
out the study given much attention. Th 
crucial criterion for analyses of the in+} 
heritance of quantitative variation is that 
on the scale employed the responsible} 
genes are additive in effect. There is obvi-+ 
ously not an a priori complication in deal-] 
ing with characters which are produced by 
more than one set of genetic factors. For} 
instance, in the unlikely event of it being) 
found that the genes responsible for leg, 
trunk and head height are completely dif- 
ferent, it would still be both possible and! 
meaningful, though more difficult, to ana-}) 
lyze directly the inheritance of stature. 
Similarly it does not necessarily matter if] 
some abstracted character involves parts; 
of different gene sets though this is likely] 
to introduce the complications of genes 
with unequal effects, the peculiar conse- 
quences of which, on frequency distribu-| 
tions, seem incidentally never to have been 
systematically considered. On the other 
hand, it is apparent that if there is no par- 
ticular genetic basis to a character, differ- 
ences in it are resistant to genetic analysis |] 
since the most diverse genotypes possible if 
can produce the same phenotype. This 
could well be the case in shape indices and 
while it is interesting that of all the char- 
acters studied the cephalic index was 
shown to display the greatest proportional 
difference between intra-pair monozygotic 
and intra-pair dizygotic variances, this 
does not necessarily mean that the inherit- 
ance of the character can be directly ana- 
lyzed in formal terms. The strong genetic 
determination of the cephalic index occurs 
despite the fact that head length has little 
measurable variability of genetic origin in 
twins. Indeed, the male intra-pair monozy- | 
gotic variance of head length, as also of 
ankle breadth, is actually larger than the 
corresponding intra-pair dizygotic variance 
and, though this is not statistically signifi- 
cant, it is suggested that some peculiar 
environment factor influences the charac- 
ter in monozygotic males. It is perhaps 
relevant that, as the authors point out, |f 
both ankle breadth and head length are | 
almost entirely osseous measurements. 1 | 
The general anthropometric findings of 
the study are that genetically determined | 
length and breadth dimensions are rela- 
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_| tively independent and that, excepting the 
-} head, the greatest component of genetic 
| variability is expressed in measurements 
-} taken parallel to the long axis of the body. 
\' Of the 77 anthropometric characters con- 
‘| sidered, those which show in both sexes 
| the relatively greatest genetically deter- 
“| mined variation are fore-arm length, upper 
.| facial height, nose height, head height and 
| bigonial breadth; but many others have a 
“{ measurable genetic component, particu- 
>} larly in females who, as is to be expected, 
* seem to possess a greater homeostatic abil- 
| ity. This, however, is apparently not an 
‘Pp invariable situation. The study also con- 
‘| firms that in contrast with stature adult 
/) Weight variation in dizygotic twins could 
} be explained solely in terms of environ- 
‘) mental heterogeneity. On the other hand 
jit is established for the first time that a 
( significant genetic component of variabil- 
ity exists in birth weight and also in meas- 
urements of fat, bone, muscle and in cer- 
tain overall estimates of somatotype. The 
cross-twin analysis particularly shows that 
/ “whatever the influences may be that af- 
} fect the relations between two measure- 
i ments in a monozygotic twin, these influ- 
} ences have a similar effect between the 
/} two members of a twin pair.” 

It may well be asked whether the results 
/ of studies of this type are of immediate 
; value to those anthropologists who wish to 
/ use anthropometry for determining the re- 
# lationships between populations. All ap- 
proaches to this problem are fraught with 
pitfalls, but the special limiter of anthro- 
pometric data is the unknown relationship 
between genotype and phenotype which 
is obscured even more if there is a possible 
environmental contribution to the varia- 
tion. Although there is a relationship be- 
' tween the magnitude of genetically deter- 
' mined intra-pair dizygotic twin differences 
. and the variation of unrelated individuals 
in the same population, there is obviously 
’ no connection at all between intra- and 
_ inter-population differences. More trouble- 
/ some still, is the absolute independence of 
_ the environmental heterogeneity affecting 
families and populations. Even the study 
of monozygotic twins reared apart, by far 
the best way of estimating environmental 
effects, gives but a minimum value to the 
possible contribution that a particular en- 
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vironmental difference is making. And the 
effects of environmental variation depend 
not only on the magnitude of this varia- 
tion, but also on the nature of its range. 
The most that can be said is that if a 
genetic component of variability can be 
detected in dizygotic twins, it will be con- 
tributing even more to within and between 
population differences. However, though 
the prospect remains bleak only continued 
research, of the sort undertaken by Os- 
borne and De George, into the fundamental 
problems of quantitative morphological 
variation, will ever make possible the con- 
fident employment of anthropometric tech- 
niques to historical problems. 


GEOFFERY A. HARRISON 
University of Liverpool 


THE PROCESSES OF ONGOING HUMAN 
EVOLUTION. Gabriel Ward Lasker, edi- 
tor. 108 pp., $3.75. Wayne State Uni- 
versity Press, Detroit 2, Michigan, 1960. 


NATURAL SELECTION IN HUMAN POP- 
ULATIONS. D. F. Roberts and G. A. 
Harrison, editors. viii + 76 pp., $3.00. 
Pergamon Press Inc., New York 22, 
IN|, Gs, USES). 


These two slim volumes have much in 
common. They both derive from profes- 
sional symposia whose avowed themes 
echo the stimulus of the past Darwin cen- 
tennial seasons; they are by and large 
concerned with human evolution at the 
processual rather than historical level; and 
they represent a mixture of semitechnical 
and frankly survey articles. If one were 
to venture to generalize on differences in 
orientation of American students of hu- 
man evolution (The Processes of Ongoing 
Human Evolution) and British students 
(Natural Selection in Human Populations ) 
one would be struck by the more anthro- 
pological and ecological concern of the 
former versus the more clinical and theo- 
retical bent of the latter. The mutual con- 
cern with the population as the unit of 
evolution is the unifying factor and a sum- 
mary of the contents of the two books is 
virtually a summary of the status of pres- 
ent research in human microevolution. 
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It is not possible in the space of this re- 
view to analyze the 12 varied articles 
which comprise these two books, and a 
comment or two on a few of the papers 
will have to suffice. In the Lasker volume 
the first article by Paul T. Baker ( “Climate, 
culture, and evolution”) is a brief resumé 
of our knowledge of the correlation of sur- 
face area/body weight relationships and 
climatic zones in the light of possible cul- 
tural modifications in the direction and 
force of selective pressures. This is a par- 
ticularly stimulating attack on the prob- 
lem and demonstrates clearly how the 
physical anthropologist qua anthropologist 
has a significant contribution to make to 
the study of racial variation. In citing the 
case of the desert-dwelling Maricopa pref- 
erence for plump female mates (p. 11), 
Baker notes that this may be a case of 
sexual selection overriding climatic selec- 
tion. In addition to Baker’s suggestion one 
might speculate on the possibility that this 
is a biological and cultural lag from a pre- 
vious condition of cold adaptation. Baker 
also mentions the peculiar adaptation of 
the Australian to nocturnal cold stress 
(vasoconstriction, hypothermality of the 
extremities, p. 4). Besides the cutural fac- 
tor involved (technological poverty) it 
would be interesting to examine the rele- 
vance of the fact that these same aborig- 
ines must fact great diurnal heat stresses 
and that this may have determined the 
particular cold adaptation observed. One 
further comment which this article stimu- 
lated in the reviewer concerns the common 
inference that the tropical microclimate 
created by special clothing has diminished 
selection for cold-adapted SA/W types 
(Baker points out that this did not solve 
the problem of the extremities). The ques- 
tion is, how effective are minimal or ex- 
treme cold conditions (water immersion, 
exhaustion, prolonged cold exposure, low 
nutritional status, etc.) in the differential 
mortality picture of arctic peoples? Ac- 
curate, quantified studies of the distribu- 
tion of causes of incapacitation and death 
in societies under extreme regimes might 
shed some light on this and other modes 
of selection. 

Frank B. Livingstone’s paper (“Natural 
selection, disease, and ongoing human 
evolution, as illustrated by the ABO blood 
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groups”) is an ingenious essay in the “in-_ 
direct” method of ascertaining selection) 
pressures at the ABO locus. Using West) 
African data he constructs a steady state 

model in which drift is opposed to selec- 
tion, gene flow, and mutation to maintain 

the observed somewhat leptokurtic distri- |} 
butions of the A and B frequencies. By 

neglecting mutation pressure and correct- 
ing for gene flow he derives some fitness 
values for the various ABO genotypes. 
The type of assumptions required makes ] 
the model a little creaky but does not re- | 
duce its heuristic value. Livingstone rightly | 
indicates that more work is needed on de- 
tailed population analyses to yield direct 
estimates of effective breeding size and 
gene flow. His own value of gene flow 
(0.01) seems too low and may be partly a 
result of deriving it from an effective size 
of 1000 (island model), which appears 
quite high. 

The final paper, “Irradiation and hu- 
man evolution,” by Earle Reynolds, is a 
survey of the sources of ionizing radiation 
which can affect man, with emphasis on 
the increased hazards of the atomic age. 
In it we see the emergent role of the 
scientist as a conscientious casuist, a role 
forced upon us by the patent perjury of 
conscience practiced by some of our scien- |} 
tific and quasi-scientific colleagues. It is ] 
not possible to comment on the article in 
the same vein as the others—it is sufficient 
to urge its reading. 

Other papers in this collection include 
“Metabolic polymorphisms and the role of 
infectious diseases in human evolution” 
by Arno G. Motulsky, “Adaptation, selec- 
tion, and plasticity in ongoing human 
evolution” by F. S. Hulse, and “Migration, |} 
isolation, and ongoing human evolution” | 
by G. W. Lasker. 

In the Roberts and Harrison volume the 
lead article by L. S. Penrose (“Natural 
selection in man: some basic problems”) 
gives a brief, clear exposition of the pres- 
ent approach to human genetic problems 
with emphasis upon the problem of poly- | 
morphisms. In passing, the author gives 
a terse reminder to the biological “dead- | 


enders”: “The belief that natural selection ] 
in man has been abolished by civilization, | 


socialism, hygiene or whatever it may be, 
depends on superficial reasoning. What 
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(has happened is that the force has been 
_|altered and transferred at certain points 
| from one genotype to another” (p. 8-9). 
..| Following this article are offerings by A. R. 
|G. Owen (“Mathematical models for selec- 
,{ tion”), C. A. Clarke (The relative fitness 
,| of human mutant genotypes”), P. M. Shep- 
|pard (“Natural selection and some poly- 


morphic characters in man”), and T. 


| Dobzhansky (“On selection of gene sys- 
4|,tems in natural populations”). 


The final article by E. H. Ashton (“Rate 


|, of change in primate evolution”) catalogs 
| our ignorance of the rate of primate evolu- 


,tion in the Cenozoic and discusses an ef- 
‘fort by the author (and S. Zuckerman) to 


#} assess the speed of change in an expatriate 


-colony of green monkeys (Cercopithecus 


*) aethiops sabaeus) on St. Kitts in the West 


‘Indies. Comparison with the parent popu- 


lations in Africa gives high rates of mor- 


} phological modification over an estimated 


iH 


| span of 300 years. Arguing from contem- 
) porary materials, however, seems prema- 
il 


ture since no indication is given as to how 
much of the observed changes in such a 


‘colony may derive from “founder popula- 


tion” effects (errors in sampling of small 


{| migrant colonies) and not from selection 


or plasticity over a three century span. 
The value of these books lies principally 


|in the succint overview they provide of 
/ many areas of the problem of human mi- 


croevolution. The bibliographies at the end 


| of each essay are generally extensive. The 


only difficulty noted was in the matter of 
style. Having attended the December 1959 
meetings of the American Anthropological 
Association in Mexico City where the 
Lasker symposium was given, it was pos- 
sible for the reviewer to compare the im- 
pact of the verbal and written deliveries. 
It was noted that those papers which were 
successful in oral transmission often ap- 
pear too rhetorical and repetitious in print, 
while papers of a tightly reasoned and 


_ stimulating aspect in print were almost 
_ totally incomprehensible when delivered at 


the symposium. The suitability of trans- 
ferring a given essay from one medium to 
the other without reworking may, as a re- 
sult, frequently be questionable. 


Rospert A. LITTLEWOOD 
Washington State University 
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NATURE AND MAN’S FATE. By Garrett 
Hardin. xi + 349 pp. + bibliography 
11 pp.; 8 plates, 25 figures. Rinehart & 
Company, Inc., New York. 1959. 
$6.00. 


This is non-technical account of evolu- 
tionary theory and heredity with some 
notable exceptions. Opening with a con- 
cise description of the heart of the 
dilemma posed by Charles Darwin 100 
years ago, the author proceeds admirably 
to rid himself first of one horn and then the 
other. The Principle of Competitive Ex- 
clusion, not explicitly formulated by Dar- 
win, is here concisely defined, or at least 
as Clearly stated as our present knowledge 
permits. He discusses the political atmos- 
phere of our times and the acceptance or 
rejection of the scientist’s concept of pure 
evolution by “the people.” He opens with 
an admirable description in good prose of 
the times before Darwin’s and Wallace’s 
opus struck the unsuspecting and unwill- 
ing public and then proceeds in equally 
readable form to tell the story well. He 
makes Darwin quite human. The titles of 
his chapters are original jargon but they 
draw the reader’s interest. The meat of 
the book is written in an interesting style. 

In the first few chapters he is at his 
best. The line drawings are somewhat 
over simplified and will be less appreciated 
by his scientifically minded lay readers 
and unnecessary for the scientist. The 
aesthetic and emotional reactions section 
is well done. Heredity and genetics are 
concisely and pleasantly defined for the 
lay reader as are his biologic explanations 
in general. The philosophy and rationale 
of it all are vividly written, with no let up 
to the end. It is a book that the profes- 
sional and the lay reader will enjoy. As 
entertaining reading that is equally in- 
formative it should serve well for intro- 
ductory classes in any undergraduate in- 
stitution. All physicians should read it. 
It is provocative and lively and the por- 
traits are excellent as well as the index. 
The paper is not glaring and the print is 
clear. 

C. W. Gorr 


30 Farmington Ave. 
Hartford, Conn. 
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} 
| 
righ, S. L. Washburn, V. Avis, J. S. Hux-}} 
ley, L. Z. Freedman, Anne Roe, and M.} | 
Mead. Each gives a summary analysis on) 
subjects ranging from phylogeny of be-|}} 
havior to cultural determinants of be-|} 
havior. | 

For physical anthropologists Washburn} 


BEHAVIOR AND EVOLUTION. By Anne 
Roe and George G. Simpson, eds. vii + 
557 pp. Yale University Press, New 
Haven, 1958. 


This is a multidimensional approach to 
processes of change in biology (somatic 
and neural structure, physiology, and their 


ecological interrelations) and in action (be- 
havior patterns, learning, ethology, social 
relations, and, finally, culture). In the 
past, students of evolution always men- 
tioned behavior as part of their data but 
did not study it analyically and psychol- 
ogists did not analyze the evolutionary 
background of any group, bird, ant, fruit- 
fly, or human, when they studied its be- 
havior. Points of cross-sighting between 
these two types of discipline and between 
the intra-individual (e.g., genetic, endo- 
crine, neurological) and the extra-individ- 
ual (e.g., sociological, demographic) data 
on adaptation of changing populations to 
changing environments give us many new 
areas for future detailed study, deeply de- 
tailed study. We have passed the period 
of simple generalizing from observation 
and are entering the phase of complex 
hypotheses dependent on simplifying in- 
sights. 

This book is the somewhat revised con- 
tent of two symposia carefully built up by 
the editors, Simpson and Roe, who stress 
respectively as unifying threads the evolu- 
tion of more complex sensing, mediating, 
and effector mechanisms and the evolution 
of greater delay and control in categories 
of behavior (sexual, aggressive, acquisi- 
tive, and perhaps inquisitive) within a 
group: thus unity comes from the bio- 
psychological picture of the individual or- 
ganism (pterobranch, ant, or man) in 
active relation to group and to environ- 
ment. “Active relation” means a considera- 
tion of possible forces for and direction of 
change in all three systems, individual, 
group, and environment. This is more 
dynamic than the usual oversimplification 
of adaptation to an ecological niche. The 
participant-authors are G. G. Simpson, E. 
H. Colbert, A. S. Romer, F. A. Beach, E. 
Caspari, R. W. Sperry, K. Pribram, T. H. 
Bullock, H. W. Nissen, M. Bates, C. R. 
Carpenter, R. A. Hinde, N. Tinbergen, H. 
F. Harlow, W. R. Thompson, A. E. Emer- 
son, E. Mayr, H. T. Spieth, C. S. Pittend- 


and Avis’ statement of the importance of|} 
tool-using as a selective force in human] 


brain increase is one of the cross-sightings } 


pointing to future analysis and experi-] 


ment. The possible mode of operation and 
the speed of such selection receives some 


| 


i 


critical light from two of Harlow’s theses: | 


that the structural and behavioral pos- 
sibilities of a species overshoot its usual 
behavior and that there is no quantum 


| 
I 
| 


evolution involved in the general vertebrate | 
phylogenetic increase in brain size accom-_ 


panying more complex and flexible be-_ 
A most vital insight for us is) 


havior. 
Pribram’s emphasis on sequential or time- 
dependent functions of the antero-medial 
thalamic nuclei, with diffuse input, linked 
to anterofrontal cortex as opposed to dis- 
criminative functions of lateral and poste- 
rior thalamic nuclei, with precise sensory 
inputs, linked to parieto-temporo-occipital 
cortex. This goes beyond the conventional 
emotional versus associational contrast of 
paleocortex versus neocortex in clarifying 
the structural changes which must accom- 
pany human behavior (language, mater- 
nal care, emotional ambivalence, and cul- 
ture—cf. Huxley, Freedman and Roe, 
Mead). Thompson points out (partly quot- 
ing Hebb) that in higher primates and 
man “the same factors [i.e., larger total 
cortex and thalamus] that make such a 
degree of emotionality possible also make 
available the means of controlling it.” 


Thompson and Caspari both emphasize ] 


the genetic background of behavior differ- 
ences in adaptation. Beach stresses the 
similarity of all vertebrate hormones and 
their decreasing importance in sexual ac- 
tivity as the CNS becomes more complex. 
Freedman and Roe in effect carry this a 
stage further in pointing out how frustra- 


tion and ambivalence virtually built into ] 
the human CNS lead to such key institu- | 


tions as the incest taboo. 


Almost all papers overtly or by implica- i 


tion stress that selection operates on popu- 


lation groups through differential fertility ] 


of individuals and not through mere sur- 
\jvival: there is always an adaptive gap. 
i}Huxley, Mead, and Simpson point out the 
“major shift in selection which occurs with 
‘idevelopment of a culture, the fallacy of 
j assuming that social evolution parallels 
‘biological evolution (social Darwinism), 
and the need for increasing multidimen- 
i sionality in study of man. 

The organization of this book as a sym- 
‘(posium, with discussion sketched only in 
{| Simpson’s useful summary, makes the book 
| difficult to read, semantically inconsistent, 
} inconsistent in distance of speculation 
) from data, repetitive, and kaleidoscopic in 
{point of attack. But these stumbling 
4 blocks to quick absorption are like the de- 
) laying conversation and changes of dish 
in a formal dinner of many courses: they 
vhan wa digestion. No one of the authors 
7} 


‘has written in jargon or beyond the im- 
mediate grasp of intelligent readers. Simp- 
(son has taken pains to clarify divergences 
tin use of a term (adaptation, for example) 
tor a new word (teleonomy). The result is 
a remarkable book, a true product of the 
-1950’s and one which anthropologists will 
refer to increasingly as their own research 
& gains depth in combined analysis of phys- 
iology and of social function. 


Soe 


J. LAWRENCE ANGEL 
i The Daniel Baugh Institute of Anatomy 
The Jefferson Medical College 
Philadelphia, Pennsylvania 
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! THE DENTITION OF THE AUSTRALOPI- 
THECINAE. By John T. Robinson. 
Transvaal Museum Memoir No. 9, 179 
pp. Transvaal Museum, Pretoria, South 
Africa, 1956. 


A most complete description and careful 
analysis of an important fossil hominid 
group is to be found in John T. Robinson’s 
well illustrated and documented work on 
' the dentition of the Australopithecinae. 
This comes as another excellent memoir 
- from the Transvaal Museum. Robinson re- 
gists the temptation to include other re- 
lated pre-hominids in the presentation, ad- 
hering strictly to his studies of the Austral- 
opithecinae. 
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After a brief account of the discovery of 
the Australopithecinae he discusses the 
geology and the dating of the sites as of 
the time of writing the book. He then 
moves through a description of the mate- 
rials, the methods used and definitions. 
Then he gives an intensive and detailed 
description of the permanent teeth one by 
one. One chapter deals with the deciduous 
dentition, one with the special problems in 
the evolutionary trends and a third with 
hominid phylogenesis. 

A total of 448 permanent teeth and 78 
deciduous ones form the basis of this re- 
port. Swartkrans is represented by 273 
permanent and 38 deciduous teeth, well 
distributed so that a good conception of 
the range of each type of tooth is obtained. 
The Sterkfontein dentition is represented 
by only about one half the number of 
teeth found at Swartkrans, but still gives 
representation throughout the dental ar- 
cades from incisor to third molars in suff- 
cient numbers to give positive understand- 
ings of their size, shape and distinguishing 
features. 

The book is filled with large excellent 
photographic reproduction of the various 
teeth, many with several views. All the 
photos are twice natural size and afford an 
accurate and detailed view of the various 
aspects of the teeth. 

Charts of the various important meas- 
urements include comparable data from 
other fossils and certain modern popula- 
tion groups. 

Disagreements regarding taxonomy need 
not be too troublesome in the considera- 
tion of the presentation of the dentition of 
Australopithecinae by Robinson. Differ- 
ences between the forms are striking. 
Whether to ascribe specific or generic rank 
to them is a problem. 

Several questions remain unresolved, 
such as the question of sexual dimorphism 
in these specimens. In two cases in the 
large Swartkrans samples some indication 
of this possibility is suggested. Robinson 
shows two histograms plotting measure- 
ments of specimens which exhibit clear 
bimodality. These are for the breadth of 
the lower first permanent molars and the 
maxillary canine. However, he states that 
more material will be required before it 
will be possible to determine precisely the 
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nature and extent of sexual dimorphism 
in the pre-hominids. Many problems of 
comparative tooth morphology are dis- 
cussed throughout the hook. Perhaps one 
of the most interesting of these involves 
the relative size of the anterior and poste- 
rior dentitions of Paranthopus and Austral- 
opithicus. Reference is made to the prob- 
able function of each dentition and the 
weight of these points in the argument for 
ascribing the two forms to separate gen- 
era. 

One of the concluding statements of 
Robinson is that there is no substitute for 
actual specimens marking out the pathway 
in time. This presentation from the Trans- 
vaal Museum Memoir Series is a landmark 
in this pathway. 

ALBERT A. DAHLBERG 


Zoller Dental Anthropology 
University of Chicago 


HUMAN BIOCHEMICAL GENETICS. By 
H. Harris. Cambridge University Press. 
1959. 


The book by Dr. Harris fulfills a real 
need in a rapidly moving field of human 
biology. With the availability of biochem- 
ical techniques and the realization that all 
gene action is at the level of enzymes and 
proteins, human biochemical variability is 
being studied with increasing tempo in 
recent years. Dr. Harris, a human gene- 
ticist with a medical background, has been 
an important contributor to this field. 
Everyone interested in human genetics 
can be grateful that Dr. Harris found time 
from his researches to compile a most ju- 
dicious count of the present status of hu- 
man biochemical variation. 

The book starts with a short but meaty 
account of genetic principles with refer- 
ence to population genetics. Physical an- 
thropologists should note that only a very 
slight heterozygote advantage would keep 
a recessive trait with 2% heterozygote fre- 
quency in stable balance. Such an advan- 
tage may be very difficult, if not impos- 
sible, to demonstrate. 


BOOK REVIEWS 


The greatest part of the book is devoted 
to a critical exposition and discussion of 
well documented hereditary variants and 
diseases which can be studied by biochem- 
ical techniques. Dr. Harris is extremely 
conservative and will never go further thar 
the actual data indicates. In contrast tal} 
many other monographs and books on} 
human biology, this volume is singularly 
free of speculations or tentative interpre- 
tations. This absolute attention to facts} 
gives the book great strength and makes 
it an impeccable source of guidance for 
interested workers. As can be expected i 
a rapidly moving field, many sections of 
the volume are already incomplete. Fon 
example, recent exciting developments in 
the abnormal hemoglobins and the glu- 
cose-6-phosphate dehydrogenase defect 
will make important additions to a second! 
edition. 

The last section of the book is devoted 
to a general account of gene action. Here 
one wishes that Dr. Harris would have been, 
less conservative and given the reade 
more indications of some of the excitin 
consequences of recent work in nucleic} 
acids and proteins and their implications: 
for human genetics. 

Several other books dealing with some- 
what similar material have recently ap- 
peared. A comparison therefore may be 
useful to interested readers confronted 
with several choices. Dr. Hsia’s book, “In- 
born Errors of Metabolism (Year Book 
Publishers, Chicago, 1959), is a short but 
not always accurate review of inherited! 
biochemical diseases. The latter book 
would be most useful for rapid orientation} 
of the busy medical student or clinician 
but is not useful as a reference volume ex- 
cept for its section on laboratory tech- 
niques. Dr. Harris’ book is much more: 
searching from the genetic viewpoint al- 
though it reflects in its emphasis the spe- 
cific research interests and lack of clinical 
concern of the author. The Ciba Sym- 
posium on the Biochemistry of Human} 
Genetics (Little, Brown, and Company, 
Boston, 1959) is a most valuable compan- 
ion volume to Dr. Harris’ book and brings 
many topics up to date. It gives much of. 
the interpretative and speculative material | 
missing from Dr. Harris’ book. “The Met- 
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‘) abolic Basis of Inherited Disease” (Mc- 
‘’ Graw-Hill Book Company, New York, 
it) 1960) is a massive, recently published 
‘ty, tome of encyclopedic dimensions. Its many 
+ authors emphasize the metabolic features 
|, Of diseases which happen to be inherited. 
'\ Treatment of biochemistry and pathophys- 
| jology is outstanding while genetic con- 


Nin) 


siderations of specific disease often are 
weak and sometimes misleading. 

Dr. Harris’ book remains first choice as 
an introduction to this area. Much of its 
subject matter needs to be working knowl- 
edge of every physical anthropologist in 
1960. 


ARNO G. MoTULSKyY 


| Sainis are a gardening and cultivating 
iribe found mainly in Western U. P. and 
-unjab. Sainis claim to have Rajput origin 
according to Ibbetson). But Purser says 
hat according to their own account they 
\vere originally malis and lived originally 
n Mathura District. They seem to have 


nigrated to Punjab after the invasion of 
lahmud Ghazni. The present study has 
yveen undertaken to determine the ABO 
plood groups among the Sainis of Punjab 
ind to find out their relation to others. 

| The subjects were residents of Delhi who 
pelong originally to various districts of 
Punjab (Hoshiarpur, Jullundur and Am- 
pala). The data were collected from the 
liomes of various subjects and tested in 
the Department of Anthropology. All 200 
\ubjects studied were unrelated to each 
)ther. The technique followed was as de- 
icribed by Race and Sanger (754). Sera 
unti-A and anti-B were procured from the 
1affekine Institute, Bombay. 


[he Study of ABO Blood Groups of Sainis of Punjab 


INDERA P. SINGH anp DARSHAN SINGH 
Department of Anthropology, University of Delhi, Delhi, India 


Table 1 shows the frequency distribution 
of ABO blood groups among the Sainis. 
We notice that B is found most frequently 
while A and O are also quite common. 

Gene frequencies of ABO have been cal- 
culated by two methods, i.e., the approxi- 
mate method of Boyd (’50) and maximum 
likelihood method of Stevens. The devia- 
tion was found to be 0.0136, the value of 
D/c is 0.8328 which being lower than 2 
shows that the result of the present study 
agrees with the Bernstein’s theory. 

Taylor and Prior’s formula has been 
applied to test the goodness of fit of the 
expected and the observed phenotype fre- 
quencies. The chi’ value obtained is 0.184 
which is in agreement with Bernstein’s 
theory. 

Table 4 shows the distribution of ABO 
blood groups as well as gene frequencies 
of different groups of Punjab and U. P. 
The chi’? has been calculated to test the 
significance of difference between these 


TABLE 1 
Frequency distribution of ABO blood growps among the Sainis 


Total Absolute numbers Percentage 
ae Oo A B AB oO A B AB 
i 
200 52 56 64 28 26.0 28.0 32.0 14.0 
| 
TABLE 2 

Gene frequencies of Sainis 
| P Pp’ q q’ r’ D g D/o 
| 0.2385 0.2369 0.2652 0.2633 0.5099 0.4997 0.0136 0.0163 0.8328 
TABLE 3 
Expected and observed blood groups of Sainis 
Frequency observed Frequency expected 

Total 

“ENE oO A B AB O A B AB 

200 0.260 0.280 0.320 0.140 0.249 0.293 0.327 0.129 

x? = 0.184. 
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froups. Sainis show significant difference 
mly from Jats, Chamars and Khatris of 
’unjab. They show very non-significant 
lifference with Rajputs of Punjab and 
’eshawris. They also show non-significant 
lifference with Punjab (Boyd), Kayasthas, 
<hatris, Doms and Brahmin of U. P. 
Majumdar). 

Very high B gene frequency, namely 
).2633, is noticed in our data which is 
‘onsistent with the distribution of the gene 
n this region. 


SUMMARY 


Blood groups of Sainis, a gardening and 
jultivating tribe, have been studied. A 
rery high B gene frequency has been 
loticed among them as in other Asiatic 
jsroups. They are not found to be sig- 
lificantly different from other groups for 
|\BO blood groups of Punjabis. 
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[he Western Apache: Some Anthropometric 


Sbservations 


BERTRAM S. KRAUS 


Seattle, Washington 


In comparison with the scope of archae- 
logical, linguistic, and social anthropo- 
ogical investigations undertaken in the 
|American Southwest the anthropometry of 
he living Indian populations of this area 
1as been remarkably circumscribed. Spuh- 
er (54) and Gabel (’49) have cited what 
jneager data are available, including the 
barly reports of Hrdlicka (’00, 08, ’09). 
in the past 25 years the major published 
|tudies are those of Gabel (’49) on the 
Papago, Seltzer (736) on the Yaqui, 
ind Hrdli¢ka (’35) on the Pueblos. The 
jlata on the Ramah Navaho gathered by 
bpuhler and Kluckhohn, as yet unpub- 
jished, should be an important addition 
'o the anthropometric literature of the 
houthwest. With the increasing interest 
in traits whose heritability and mode of 
inheritance are known (e.g., blood groups, 
PTC taster) emphasis has shifted problem- 
lvise to the genetic structures and muta- 
bility of populations as breeding units. 
Nevertheless, the classic interest of phys- 
ical anthropology in the morphological 
polymorphism and polytypism of man can 
oe expected to continue, although the 
jrame of reference may, as is fitting, 
)hange with the times. 

| The present paper adds some recent 
|nthropometric data to the existing pool 
pf information and attempts to interpret 
|heir meaning both within the population 
jtudied and against the background of 
heighboring Southwestern Indian popula- 
jions. 


| 


THE DATA 


In the summer of 1954 a survey was 
‘onducted among the Indians of the Fort 
\pache Reservation in east-central Ari- 
ona to investigate the incidence of con- 


Department of Orthodontics, School of Dentistry, University of Washington, 


genital dislocation of the hip (Kraus and 
Schwartzmann, °57) and to determine 
whether or not separate breeding popula- 
tions existed on the reservation (Kraus and 
White, 56). In addition to various sero- 
logical, dental, and medical data, certain 
physical dimensions were recorded. The 
latter, not reported in the two papers cited, 
included: height, weight, head length, 
head breadth, and bizygomatic breadth. 
Height was taken with an anthropometer, 
with the subject’s shoes removed and the 
head held in a Frankfort-Horizontal. Head 
and face breadths were taken with a 
spreading caliper. Scales available in the 
various clinics throughout the reservation 
were utilized in recording weights. Only 
the subject’s shoes were removed. 

A total of 626 subjects were observed, 
ranging in age from 1-65 years. The 
classification of the sample by age and 
sex was as follows: 


Age No. females No. males 
years 
1 o 1 
2 9 16 
3 14 18 
4 TS 16 
5 19 17 
6 23 14 
7 12 16 
8 14 13 
9 11 13 
10 ila 8 
11 14 iS} 
12 17 8 
13 6 6 
14 iat 4 
15 10 2 
16 ab 4 
17 5 2 
18 8 2 
19 1 1 
20+ 165 86 
Total 374 252 
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Three distinct breeding groups corre- 
sponding to three endogamous bands had 
been described (Kraus and White, ’56). 
The villages of Whiteriver, East Fork, 
North Fork, and Seven Mile are included 
in the Eastern band; Cedar Creek and Can- 
von Day are the principal villages of the 
Western band; Cibecue is the headquarters 
of the Cibecue band in the western portion 
of the reservation. The distribution of the 
adult members of the sample (20+ years 
of age) according to village of residence 
is as follows: 


Village No. males No. females 
Whiteriver? oD 48 
Cedar Creek 16 ol 
Canyon Day (0) 67 
Cibecue oS 28 
Other 6 il 
Total 86 165 


1Includes East Fork, North Fork, and Seven 
Mile. 


Intragroup results 


No attempt was made to analyze the 
data from ages 1-19 by individual bands 
because of the resultant inadequacy of 
the sample. The mean values for height 
and weight for boys and girls from 1—19 


TABLE 1 


Means and standard deviations of heights and weights of Apache males and females 
from 1-19 years of age 
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years of age are presented in table 1. E 
cept for ages 6, 7, 9, and 12, boys are co: 
sistently taller than girls of the same agi) 
On the other hand, Apache girls are co; | 
sistently heavier than boys of the sant} 
age throughout the entire period. Fema} 
adults are, on the average, 10 poung}} 
lighter than male adults, the mean weighif 
being 142.8 lbs. and 152.3 lbs. respey 
tively. The mean stature of adult male 
was 167.6 cm and of adult females 152%) 
cm, with a mean difference of 14.8 cm ; 
approximately 6 inches. 
Means and standard deviations for hed a 
length, head breadth, and _ bizygomat) 
breadth are given in table 2 for girls anj 
boys from 1-19 years of age. There appea“f! 
to be no significant difference between th 
sexes in growth patterns, growth rates, ¢ 
absolute dimensions with respect to thes: 
three head diameters. However, it must Ii 
remembered that the data are cross-se’ 
tional and hence lack the power of dil} 
crimination in the absence of very larg 
sample size. | 
When the adults are grouped accordi H 
to village of residence, the results in tern 
of means and standard errors of heal 
length and breadth, bizygomatic breadt}) 


Height Weight 
Age Males Females Males Females 
No. Mean + S.D. No. Mean + S.D. No. Mean + S.D. No. Mean + S. 

years mm mm pounds pounds 

1 1 820 5 HADES Void 3 Aliya, D159 6 23.0. 2 

2 16 81822 73:6 9 shivss (Ashi 4 Pipi 8} 12 26.1 == 6y 

3 18 921+ 44.2 14 910+ 56.6 al 24 == 3:6 14 29.5+ 3i8 

4 16 999+ 63.8 15 971+ 116.4 19 Spies hil 14 30.1 Fie 

(5) WS LOor= 439 19 1041+ 33.6 16 39+ 4.8 18 40.8+ 3. 

6 14 1080+ 34.4 23) MA QOS=Gies 7, 41+ 4.8 23 46.3 7. 

7 OM 562-16 2c1 12) Jd86=2 40:3 14 42+ 3.9 1) 50.4+ 10. 

8 Oe 1247 == 5057 14) 12 754 16 49+ 7.4 13 52.5 10.)8 

9 TSP Ot 49-2, 11 1294== 62.0 a3 SS ee 7 2 11 62.0+=11, 
10 Si l345 =p 1 S18sen 55.3 13 63+ 9.8 Wi 65.8 + 12.\8 
ala OD) 416216077 141s 7 Ges (ils 8 66+ 7.5 15 74.64 15.) 
itp} 8 1427+ 91.5 16 1470+ 64.6 S 78+10.2 17 89.9+16. 
13 6 1502+ 88.0 6 1470+ 99.8 8 VO SIARS 6 95.0+18.\8 
14 4 1567+107.2 Will alspybes lil al 6 86+ 9.8 10 113.1+15./F 
15 2 1680 10 1542> 58.8 DL OOES33°0 10° VIiS32514) { 
16 4 1687+ 41.2 SASS sa 5.2, 2 120 4 112.9+174 
/ 2 1720 ey disp pies Ohh7/ See 20-1820 9. 122:;82=15) 
18 2 1680 Sy 156515) 32087 2 138 7 130.02:12) 
19 e720 1 1580 Ps skeet?) e720) | 
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i TABLE 2 
Means and standard deviations of head dimensions of Apache males and females 
from 1-19 years of age 
fee Head length Head breadth Bizygomatic breadth 
i No. Mean + S.D. No. Mean + S.D. No. Mean + S.D. 
years mm mm mm 
{ Males 
i i 6 148.5+ 5.9 6 S70 =22375 5 112 622857 
| 2 14 15872-=56:2 14 135.4: 8:7 14 110.7+6.4 
Y 3 19 16O0se= 7.9 19 140.8+ 7.0 19 114.9+6.3 
A 4 16 159.1+ 9.6 16 145.44 4.7 16 PTS b= 329) 
IR 5 20 164.9+10.3 20 146.9+ 6.6 20 121 S=25.8 
| 6 Altes 164.522 77.2, 15 146.8+ 4.6 15 121.9+4.4 
ri 17 165.22 ‘Sei fi 148.5+ 7.4 iN7¢ UPS Bi Se TAs: 
8 ie LOL =s510.0 12 151.3+ 4.8 ip) 129.=25.0 
9 13 IAL LS AALS) 13 Usha Shi/ ils} 128.6+4.3 
| 10 8 16925) =="4°3 8 TSI 6==91656 8 IiAVes 7/51 | 
| iki 5 169.4+ 8.4 5 158.0+ 4.6 (5) 186.4351 
12 8 I Aayes Wee: RO? 8 Wowie 7/8) 8 1S OGeE oe 
q ths 6 174.3 9.9 6 ToS 24"53:6 6 ike PAayfase}s | 
3 14 5) 172-022 18°54 cS) 157.8= 6.8 5 Ale te Dyes ¥/2 
! 15 2, 173.5 2; 161.5 P} 146.5 
16 4 178-2 == 5.9 4 161,0== (5.4 4 143.5+4,2 
7. 2 183.5 2 163.0 2 146.5 
18 2, 183.0 2 162.0 2 140.5 
19 1 182.0 1 53.0 i) 145.0 
Total 175 175 174 
Females 
a ili 149.7+ 8.4 i 1334 -=6O.5 7 110.1+4.0 
2) Al 155.14 4.9 11 134.32) 97-0 9 DIS S252, 
3 14 sees S18} 14 136,05 ==010-> 2 116 
4 15 158:3= 8.8 aE 139.5-=) 7.5 15 116.2 =25:8 
if re) 18 IOs 7/2 18 TAStO SER SD: 18 117.5-= 4:33 
| 6 25 169 S4 23 144.0+ 4.5 23 120:}6223%0 
i 12 165.1+ 6.8 12 145.22 6.3 12 123:62-5.1 
| 8 13 164712 5:0 13 WAN as 5 7/ 13 IPR Ose iy il 
| 9 12 165.4 8.5 iD, 148.8+ 7.1 AIP, 128.6+4.5 
| 10 11 166:5=208-o al (IBPMILEE Bal 11 T3122 4"5 
| alae 15 167-322 18st LS 15 0:2 2251655 15 131.8+4.4 
Tl 119 7. 168.2+ 6.4 7, Byles bya! 17 GBS EVO) 
+ 13 6 172.022 3.4 6 UBGAsS Sis) 6 136.8+8.2 
14 10 171.7+ 4.4 10 153.4+ 5.6 10 136.4+5.1 
i 15 10 172.4+ 4.7 10 154.5+ 5.0 10 140.4+8.8 
i 16 4 176: 025252 4 150.2+ 8.8 4 ie {eoyeassn Vi lO) 
We 5 174.2+ 7.0 5 157.6+ 2.3 5 142.6+5.3 
18 7 175.7+ 64 7 156.4+ 4.5 7 144.6+3.5 
19 1 182.0 1 147.0 1 13220 
Total PHI 211 207 


ind stature are as presented in table 3. It 
ill be observed that in all instances the 
fiean dimensions of all male groups ex- 
‘eeded those of all female groups with 
‘spect to each of the 4 types of obser- 
jation. The weighted male mean for head 
ngth was 182.8 mm compared with the 
male mean of 176.0 mm. The male 
tieans for head breadth and bizygomatic 
jceadth were 161.0 mm and 149.0 mm 
‘pspectively; for the females, 157.5 mm 


and 141.5 mm respectively. The 4 sets 
of differences between males and females 
were statistically significant at the 5% 
level. In terms of the arithmetic mean, 
therefore, Apache adult males are signifi- 
cantly taller and heavier, and have longer 
and broader heads and broader faces than 
Apache adult females. 

Serological tests had revealed significant 
differences between the three bands— 
Eastern, Western, and Cibecue—in gene 
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TABLE 3 
Means and standard errors of adult measurements by villages 
Males 20 Years of Age and Over 
Village 
Observation = 5 
Cedar Creek Whiteriver Cibecue 
Head length (16) @32)) (32) 
; ae isis leteM hess leer 183.84 113 18299-1138 
Head breadth (16) G2) (32) 
oye 162.06+ 1.62 160/472= et 161.06 1.12 
Bizygomatic breadth (16) (32) 2) 
me 148.62+ 1.68 eer Piss illo, 150.47+ 1.08 
Stature G15) C31) €32)) 
1684.7, ==2103 1683.9 +11.4 1665.3 +10.6 
Females 20 Years of Age and Over 
Village 
ee ee Cedar Creek Whiteriver Cibecue Canyon Day! 
Head length (OD) (46) @25)) (67) 
174.86 1.33 75d O91 178.80+ 1.42 177.125 (0:80 
Head breadth (21) (46) (25) (67) 
15616722) 1k 155.13 0:84 157.41-= 1.80 159.39 0.67 
Bizygomatic breadth (20) (48) (25) (67) 
139.80+ 1.37 141°62== 0.87, 143.64+ 0.91 141.18+ 0.74 
Stature (19) (46) (28) (66) 
T5174) Se aS T5333 = 29 Neyo ss VF 1523) 5=ao-o 


1 Adult males were not examined at Canyon Day. 


frequencies at the ABO and Rh loci. These 
differences were explained on the basis of 
genetic drift since sociological and _his- 
torical evidence point to conditions under 
which genetic drift may operate with 
maximum effect, i.e., small band size and 
endogamous breeding. In view of the ap- 
parent differences in the genetic pools of 
the three bands, a question might be 
raised. Do measurements of gross mor- 
phology reflect these populational differ- 
ences in gene frequencies? 

Paired village (band) comparisons of 
means for both males and females are 
presented in table 4. The males from 
Cedar Creek, Whiteriver, and Cibecue do 
not differ significantly from each other in 
any of the 4 traits observed. Among fe- 
males only 4 comparisons out of a possible 
24 show significant differences and no 
two of these are found within a single 
pair. What is more, there is no systema- 
tic distribution of the 4 significant differ- 
ences, either by band or by trait. There 
are no differences between Cedar Creek 


and Whiteriver females, or between Cibi 
cue and Canyon Day females. Both Ced4| 
Creek and Whiteriver females differ sii 
nificantly from Canyon Day females oni 
in head breadth; this in spite of the fail 
that the populations of Cedar Creek arid 
Canyon Day are members of the sa 
band and intermarry with high frequencif 
Whiteriver and Cibecue females differ sijq 
nificantly in head length; Cedar Creek a | 
Cibecue females differ significantly in bi 
zygomatic breadth. | 

The “t” test, of course, simply estimatef 
the probability of a stated difference biff 
tween means occurring by chance. Failud | 
to demonstrate significance should not ef 
courage the assumption that the two pop) 
lations compared are similar. In fact, the 
might be of an entirely different compos 
tion in terms of internal variability, yu 
the means may be identical. Oliver anf 
Howells (57) have shown quite convin 


in Bougainville the limitations in interpr 
tation of anthropometrical statistics based 


f#o0n the “F” and “t” tests. Many of the 
sults of variance tests, they found, fitted 
‘heither genetic theory nor previous an- 
‘ropometric information.” On the other 
fand “these complications” contrasted 
ith “the pattern of differences between 
1e two main groups.” The authors advise 
jaysical anthropologists to “turn their at- 
Jntion to the precise modes of differentia- 
‘on in physique and to the specific nature 
) behavior of different ‘measurements’ or 
aits.” 

_Table 5 presents the ratio of variances 
ietween each pair of villages for stature 
‘jad the three head measurements. In no 
stance is there a significant difference 
i:tween variances. Insofar as internal 
huriability is descriptive of population 
‘ructure, there are no demonstrable dif- 
irences between the Eastern, Western, or 
jibecue bands. From the point of view 
| anthropometric variability the three 
‘ands represent one and the same popula- 
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TABLE 4 
Statistical comparison of Apache males and females by villages 
| pared One nnon = Males Females 
Xi-X2  t Value! 12 34 -—X2 t Value! Pp 
} mm mm 
| 2dar Creek Head length 2.03 1.00 > 0.30 0:25 0.15 > 0.90 
| hiteriver Head breadth 1.59 0.81 > 0.40 1.54 1.03 > 0.30 
Biz. breadth 0.90 0.45 > 0.60 1.82 1.10 > 0.20 
Stature 0.8 > 0.90 15.9 1.09 > 0.20 
\2dar Creek Head length 0.41 0.19 > 0.90 3.94 2.00 > 0.05 
|) becue Head breadth 1.00 0.54 > 0.50 0.74 0.33 > 0.50 
Biz. breadth 1.85 0.93 > 0.30 3.84 2.28 < 0.052 
Stature 19.4 0.89 > 0.30 20.1 Ios, > 0.10 
| hiteriver Head length 1.62 0.97 SS O60) 3.69 2.25 < 0.052 
|) becue Head breadth 0.59 0.37 0,740) 2.28 1.28 > 0.20 
Biz. breadth 2.19 MST > 0.05 2.02 1.40 > 0:30 
Stature 18.6 1.19 > 0.20 4.2 0.35 > 0.70 
\iedar Creek Head length 2.26 1°37 0510 
janyon Day Head breadth DTP 2.01 < 0.05? 
} Biz. breadth 1.38 0.89 > 0.30 
Stature 6.1 0.49 > 0.60 
j hiteriver Head length 2.01 1.62 > 0.10 
janyon Day Head breadth 4.26 3.98 < 0.012 
Biz. breadth 0.44 0.39 > 0.60 
Stature 9.8 1.03 > 0:30 
| becue Head length 1.68 1.05 > 0.20 
janyon Day Head breadth 1.95 1.24 0120 
i Biz. breadth 2.46 1.80 > 0.05 
| Stature 14.0 1.40 0510 
1“t” Test, using pooled sum of squares and degrees of freedom. 
| ? Significant differences. 


tion. In terms of their means only 4 sig- 
nificant differences are found out of 36 
comparisons, so that there is no support 
for an argument of band differentiation. 

It is extremely doubtful if these statis- 
tics contribute anything substantial to our 
knowledge of the populational structure 
of the Western Apache. Out of the total 
of 36 P vales only 4 are less than 0.05 and 
of these only one is less than 0.01. The 
distribution of the 36 P values permits us 
to regard the 4 significant values as within 
the limit accountable for by chance alone. 
Apparently, then, these selected anthropo- 
metric observations are too gross to reflect 
slight but significant differences in gene 
frequencies which are known to charac- 
terize the three bands. 


Comparisons with other populations 


Because of the general lack of uniform- 
ity of data, statistical treatment, and sam- 
pling procedures in the various published 
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TABLE 5 
F ratios! for inter-village comparisons 
Between villages Stature Head 1. Head b Bizyg. b 
Males 

Cedar Creek-Whiteriver Eade PP) 1.05 123 
Cedar Creek-Cibecue 1.91 1.12 1.03 ial 
Cibecue-Whiteriver 1.08 1.09 1.02 1.02 

Females 
Cedar Creek-Whiteriver ilsils) 1.03 1.24 1.03 
Cedar Creek-Cibecue 1°53 11 sS¥5) Si 1.42 
Cedar Creek-Canyon Day 1a VAG: 1.14 1.03 
Whiteriver-Cibecue 73 IPS 2, 1.06 1) o37/ 
Whiteriver-Canyon Day 1.37 1.13 1.09 1.00 
Cibecue-Canyon Day 1.26 ilar 1.15 1.38 

1P values are not given since all are over 0.05. 1 | 


studies on the somatology of Southwestern 
Indian populations, and because of the 
large time span involved in the undertak- 
ing of these investigations, it is question- 
able if comparative tables utilizing such 
data are potentially of much value. If the 
biological divergence of two populations 
is obvious on historical, linguistic, ethno- 
logical, and gross morphological grounds, 
such as with Chinese and Negroes, then 
significant anthropometric differences are 
easily demonstrable. But when two popu- 
lations from the same racial stock, such 
as Papago and Apache, or even Apache 
and Mongols, are compared, it is a moot 
point whether or not the anthropometric 
approach is sensitive enough to detect 
genetic divergence. 

Gabel’s demonstration of “real and sig- 
nificant” differences between Papago and 
Yaqui by comparing the expected and ob- 
served distribution of the probable errors 
of the means of 35 traits is statistically 
sound but leaves a question as to the in- 
dependence of the 35 traits (Boyd, 50, 
p. 25). Perhaps the inherent difficulty in 
interpreting and genetically or develop- 


TABLE 6 
Mean dimensions of Apache, African Negro, and American White males 


mentally weighting the various comp 
nents of the body as expressed in line# 
diameters will discourage further attempg@ 
to extend the application of anthropsy 
etry beyond its potentialities. 

A comparison of the means of Apachk@ 
African Negro, and American Whites rea 
ily illustrates the ease with which the 
three representatives of the major rac 
stocks can be distinguished on the bas 
of only 5 body meaurements (table 
On the other hand, when comparing rep 
sentatives of the Mongoloid populatio3 
(table 7), it is difficult to find decisive dif 
ferences in head dimensions. On the bas 
of greatest similarity one might group @9 
gether the Navaho and Mongols, the P 
pago and Yaqui, or the Apache and Nai 
aho. Since the degree of stability of theif 
mean dimensions from generation to g 
eration is not known, statistical sign 


significance. On the other hand it is wall 
known that the difference between mearig 
when comparing Mongoloids with Caucg 
soids, remains relatively constant generig 
tion after generation. 


(Present 


(Hooton and 


(Oschinsky, ’54) Dupertuis, 751) 


Measurements study ) frican . 
Apache Negro hia 
Stature 168 157.3 172.0 
Weight 152 157.4 
Head length 182 186.2 195.7 
Head breadth 161 148.0 154.0 
Bizyg. breadth 148 139.2 140.7 
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TABLE 7 
Mean dimensions of Apache and other Mongoloid groups 


Population Source Stature Head 1. Head b. Bizysg. b. 
Apache Present study 168.0 182.0 161.0 149.0 
Papago Gabel (49) 168.8 186.7 15022) 142.2 

| Yaqui Seltzer (’36) 166.7 183.0 149.2 141.0 
Comanche Goldstein (’34) 168.3 191.7 160.3 154.4 
Navaho Seltzer (Gabel, ’49) 169.6 184.9 158.9 146.3 
Jehol Mongols Yokoh (743) 165.0 184.6 156.3 142.9 
Japanese Kraus (759) 160.4 188.3 154.0 143.6 


A somewhat different picture is pre- 
jnted when anthropometry is applied to 
e study of growth. Here each dimension 
\ypresses the cumulative effect of increase 
| size at any given moment in time. Since 
)jowth is more patently under genetic con- 
jols, it might be expected that growth 
);cords, whether longitudinal or cross-sec- 
nal, will reflect actual hereditary dif- 
rences if such do exist. Studies utilizing 
jly height and weight have shown sig- 
4ficant differences in the pattern and 
ites of growth between Papago and 
gache children, while pointing up the 
4sential similarity between Papago and 
ma who are known to have close bio- 
gical affinity (Kraus, 54). Frequency 
jstributions of the genetically controlled 
larabelli trait have likewise distinguished 
}tween Apache and Papago, while sug- 
‘sting Papago and Yaqui affinity (Kraus, 
)). 

BS icores 1 and 2 plot the mean weights 
id heights, respectively, of Apache boys 
iid girls from 1-19 years of age and com- 


Lbs. 
j 165 | — Males 
ih —— Females 
i! 1454  ——: White 
j | ---- Negro 
125 
| 
' 105 


pare them with White and Negro girls 
from 6-14 years of age (Krogman, 759). 
Until the age of 16 the mean weight of 
Apache girls is greater than that of boys 
at corresponding ages. In the period from 
6—14 years there is no difference in means 
or rates between Apache girls and Negro 
and White girls. In stature Apache boys 
and girls show the same means and rates 
of growth until the age of 13 when boys 
show a definite spurt while girls level off, 
having achieved at this time the mean stat- 
ure found in adult females. Again, there 
is no differentiation between Negro and 
White females in growth in stature and 
Apache males or females, from the ages 
6-14. 

Figures 3—5 plot means of head length 
and head and face breadths for Apache 
girls from 1-19 and compare with these 
the values for Negro and White girls from 
6-14. As Krogman (’59) points out, “for 
all practical purposes there are no group 
differences in any of the head measure- 
ments” (referring only to Negroes and 
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Apache males and females by age and weight. 
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Fig. 2 Apache males and females by age and height. 
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Fig. 3 Increase in head length of Apache, White, and Negro females from 1-19 years 
otf age. 
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Fig. 4 Increase in head breadth of Apache, White, and Negro females from 1-19 years 
of age. 
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Fig. 5 Increase in bizygomatic breadth 
1-19 years of age. 


\Vhites). In all three dimensions, how- 
iver, the Apache girls show striking dif- 
ferences. In head and face breadth Apache 
lirls are, at all ages, significantly lower in 
jean values than Negro and White girls. 
1 head length they are significantly 
jigher at all comparable ages. There are 
ho apparent differences in rates of growth 
ls indicated by slope of the regression line. 
ihis can be interpreted in only one way. 
‘he significant differences in these three 
jimensions that are shown to exist be- 
jween Apache and White adults (see table 
|) are already apparent in children of the 
\wo groups as early as 6 years of age. This 
‘nding is consistent with the conclusions 
jrawn from an earlier study (Kraus, ’54, 
|. 128). of Apache, Pima, and Papago 
|rowth: 

| “A wide gulf separates Pima and Papago 
| atterns of child development from those 
\f Apache as well as of White patterns. 
jn general the stocky and obese body 
luilds that are so characteristic of adult 
Pima and Papago are already foreshad- 
iwed in 6 year old children and attained 
a large measure by the age of 11. Data 
/athered on the growth of these children 
‘rom 11 to 14 years of age fail to show 
\nything but a continuation of the trends 
lready established in the 6 to 11 year 
period.” 


| 
{ 
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SUMMARY AND CONCLUSIONS 


Records of height, weight, head length, 
nd head and face breadth of 626 Fort 


———— 
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of Apache, White and Negro females from 


Apache Reservation Indians from 1-65 
years of age were made. The adult sample 
was divided according to affiliation with 
each of the three endogamous bands 
(breeding populations) on the reserva- 
tion, and between-band comparisons were 
made. Comparisons of the combined adult 
Apache data were made with those of sam- 
ples from the Negroid (Congo Baamba) 
and Caucasoid (Irish) racial stocks. In 
addition the Apache were compared with 
other Mongoloid groups, including certain 
Southwestern Indian populations. The 
means of 4 of these dimensions were 
plotted for both boys and girls from ages 
1-19 and compared with similar data de- 
rived from Negro and White samples in 
the age group 6-14. 

It was found that although significant 
differences in serological gene frequencies 
have been shown to exist among the 
three Apache bands, an analysis of both 
variances and means fails to reflect 
these differences anthropometrically. The 
weighted means of the three bands show 
that males exceed females in all 5 ob- 
servations. On the other hand, no signifi- 
cant differences in growth rates or patterns 
between boys and girls were observed with 
respect to dimensions of the head but 
Apache girls are heavier than boys of the 
same age throughout the growth period 
1-19 years. 

The 5 measurements easily separate 
representatives of the three major racial 
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stocks (Apache, Congo Negro, and Irish) 
but fail to distinguish biological affinities 
among populations drawn from a single 
racial stock (Mongoloid). In terms of 
growth, however, Apache children as early 
as 6 years of age are differentiated from 
Negro and White children in much the 
same way as are the adult members of 
these groups. Otherwise there appears to 
be no differences among the three stocks 
in growth rates or patterns between the 
ages of 6-14. 
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‘he Reassessment of the Age and Sex of the Indian 


snoll Skeletal Population: Demographic and 


Methodological Aspects 


| The purpose of this paper is to report 
fe results of a reassessment of the age 
\id sex of the Indian Knoll skeletal popu- 
Fion This large group of skeletons, prob- 
jly the largest racially homogeneous 
jllection in North America, has been 
BE Saausly described in detail (Snow, °48), 
jsed upon a study begun in 1941. 

)In the original study, only one primary 
\- of aging criteria was utilized for the 
jult group: cranial suture closure; on 
is basis, the demographic description 
‘us made. However, the present reassess- 
‘nt, carried out by the authors in the 
immer and fall of 1959, was based upon 
composite of criteria, as it is felt that 
fe entire skeleton is better than any one 
Wirt in judging age at death (Brooks, 
ip): This paper is therefore of interest 
it only because it presents new demo- 
japhic information on this large prehis- 
‘ic American Indian skeletal series, but 
|o in that it presents a comparison of 
jo evaluations of age of the same 
ties involving differing methodological 
(proaches. 

In addition, data will be presented rela- 
te to the use of dental attrition in the 
jaluation of skeletal age. The authors 
jieve that, when certain conditions are 
it, the degree of tooth wear may be used 
| a supplementary indicator of age. 


The site 


|The name Indian Knoll refers to a pre- 
\ttoric “shell heap” located on the banks 
the Green River in west-central Ken- 
»ky. This site has yielded not only abun- 
‘ot skeletal material but also numerous 
‘Itural artifacts: some 67,000 separate 
ms have been catalogued. Carbon-14 
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dates obtained from excavated material 
have given an average of 5302 years 
(Libby, 55). This dating, plus analyses 
of the cultural manifestations, has served 
to place Indian Knoll in the Archaic 
period of Eastern archaeology, a period 
characterized by the use of ground stone 
but lacking agriculture, pottery, and per- 
haps the bow and arrow. (Spearthrowers, 
however, were used by the people. ) 

The first excavation of the site occurred 
in 1915 when C. B. Moore of Philadelphia 
removed 298 burials. Of those that are 
still preserved, most are located at the 
U.S. National Museum. During the WPA- 
sponsored investigations of the 1930’s the 
investigation was completed, except for a 
very small area (Webb, *46). The total 
number of skeletons from both excava- 
tions, has been listed by Snow (48, p. 384) 
to be derived from at least 1234 indi- 
viduals. 

In his description of the skeletal re- 
mains, Snow has pictured the people as 
being slender and gracile and about the 
size of the modern Hopi Indians of the 
Southwest. He further characterizes them 
(p. 401) as having high-vaulted heads, 
prognathous faces, moderately-protruding 
cheekbones, and a strongly-everted gonial 
region. Morphologically, Snow’s Indian 
Knoll type belongs to the Amerindian race 
of the Mongoloid stock, and more specif- 
ically, to Neumann’s Sylvid (now Iswanid) 
type (see Neumann, ’52, pp. 17 ff.). 


METHODS 


Only those skeletons preserved at the 
University of Kentucky Museum of An- 
thropology were re-examined. This in- 
cluded some 880 documented burials 
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Increasing tooth wear and associated age at Indian Knoll. A, no. 691, 5 years; B, 


f) no. 501, 19 years, female; C, no. 701, 21-22 years, female; D, no. 611, 26 years, male; E, no. 
%@ 821, 28-29 years, female; F, no. 860, 30 years, female; G, no. 690, 30-33 years, female; H, 
fi no. 661, 35 years, male; I, no. 685, 35-40 years, female; J. no. 705, 45-50 years, male. 


ad fragments, largely cranial, of 48 
thers removed by the University party. 
these fragments were attributed to 
ifoore’s investigation and were labeled 
)).A.,” i.e., “material from previously dis- 
jirbed area.” Post-cranial DA fragments 
tere not included in this study because 
ieir associations could not accurately be 
letermined. Still others were omitted from 
jis paper either because they were on 
lan or simply missing. (Their storage 
Jace has been changed several times over 
ie years. ) 

| The authors independently assessed the 
‘ze and sex of each skeleton. The results 


were then compared and differences re- 
solved. Only after a final decision had 
been made was the original 1941 evalua- 
tion noted. 

For all ages, sexing involved primarily 
the pelvis, although the skull and long 
bones were also examined. In those cases 
where a definite assignment could not be 
made, a reasonable approximation was 
felt to be better than a mere question 
mark. Sexual dimorphism, especially in 
the pelvis, was marked at Indian Knoll, 
and hence the uncertainties were almost 
entirely limited to the infant and small 
children. In spite of the demonstration 
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of sexual differences in the infant pelvic 
girdle (Reynolds, 7°45), approximately 
18% of the Indian Knoll infants were 
placed into an undetermined category; the 
figure for the entire series was 5%. 

The criteria for exact aging varied, of 
course, with the particular age group to 
which the individual belonged, and also 
with the degree of preservation of the 
skeleton. Both dental (tooth eruption and, 
to some extent, attrition) and skeletal (de- 
velopmental age-associated indicators ) in- 
formation was considered. Standards for 
the public symphyseal surfaces presented 
by McKern and Stewart (57) were uti- 
lized. Tooth calcification (third molar) 
was also used in the sub-adult range 
(Johnston, ’61). 

In each case, the final assessment was 
based upon as many of the criteria as 
were available. Degree of closure of the 
vault sutures was not observed except 
when extreme fragmentation necessitated 
Dts 

Dental attrition was employed at all 
ages as an accessory means of age estima- 
tion. The standards of wear of Leigh 
(28) were followed. The extreme wear 
has been well described by the same au- 
thor (25). In spite of laboring under the 
misapprehension that these people were a 
late pre White contact group that prac- 
ticed agriculture, Leigh’s summary of the 
extreme conditions he observed are very 
complete. He says that “the writer has 


TABLE 1 
Grouping of estimated ages of Indian Knoll series, 1941 and 1959 
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never seen lesions of attrition so gener. 
ized, developed so early in life and wiil} 
such far-reaching pathological results | 
in the crania of these Kentucky poood 
(p. 185). i} 
The attrition associated with advanciaf} 
age is shown in figure 1. The extren 
range of wear made it possible to use SU 1| 
cessive exposure of the dentine and pu 
cavity as an indicator of age. Howevé 
it must be emphasized that these sort | 
criteria are valid only within the conte! 
of the particular series under observatioj} 


and only in conjunction with other appl 
priate indicators, when available. 


RESULTS 


Demographic aspects 


The total number of burials examin 
in the second (1959) assessment was 8 
of which 48 were from the “disturb¢ 
area.” Table 1 shows the number of indi 
viduals in 1959 and 1941 in each age catif, 
gory, while table 2 indicates the brea 
down of the results of the 1959 investigi} 
tion by sex. j 

A high rate of infant mortality is ind 
cated for the Indian Knoll populatidf 
when it is noted that 20.48% of the tot! 


peaks are at 25-29 years (14.06% ) a 
30-34 years (14.91% ). 

The average age of the entire series jf 
the 1959 investigation, including the 


19411 19591 
Age SE 
No. % No. % 

years 
Under 1 170 15.1 170 19.47 

1-4 167 14.9 84 9.62 

5-9 94 8.5 54 6.19 
10-14 97 8.5 BS 6.07 
15-19 96 8.5 59 PAS 
20-24 Dial: 24.2 74 8.48 
25-29 Si alee 129 14.78 
30-34 51 4.6 oc 11539283 
35-39 PII 2.6 88 10.08 
40-44 11 0.9 19 28 
45-49 4 0.4 9 103 
50 and over 8 0.8 1 0.11 
Total 1122 100.0 873 100.00 


1 Includes disturbed area burials. 


TABLE 2 
puping of 1959 assessment of Indian Knoll 


Female ? 

65 Os 30 
50 29 5 
35 18 1 
24 28 1 
26 33 0 
26 48 0 
78 50 i 
7 56 10) 
58 30 6) 
9 10 O 
9 6) 0 
O 1 (6) 
457 378 38 


icials, is 18.56 years. Omitting the in- 
wits, those under one year, the average 
dcaised to 22.93 years, again emphasizing 
) high infant mortality. If an Indian 
,oller could survive the first year of life, 
& expectancy would be increased 4.37 


[The frequency distribution of the In- 
n Knoll population is compared to some 
‘.er populations in figures 2 and 3. Fig- 
: 2 shows a comparison to an Austrian 
onze Age group and a sample of Egyp- 
ins from the Roman Period; the figures 
( from Krogman, (58). The distribu- 
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tions are not similar, Indian Knoll stand- 
ing apart from the other two curves. This, 
however, is not surprising when it is noted 
that these two groups are from cultural 
levels more technologically and econom- 
ically advanced, and are indicative of a 
trend toward greater longevity that has 
continued to the present day. 

Indian Knoll is similar, in terms of 
population distribution, to the groups 
shown in figure 3. The same general dis- 
tribution can be observed in small samples 
of Neanderthal, Cro-Magnon, and Meso- 
lithic peoples (all from Krogman, 58), 
and a prehistoric group of Hawaiians 
(Snow, 60). They can all be observed to 
have a peak at the 11 year and younger 
category and in the vicinity of 21—30 years. 
In three of the 5 examples, the younger 
class has the larger percentage. 

Keeping in mind the average life ex- 
pectancy at Indian Knoll of 18.56 years, 
we may examine some other averages, 
again given by Krogman (’58, p. 246). 
He finds the average in urban Rome of 
2000 years ago to be about 20 years, in 
11-13th century England, 35-39 years, in 
1900 A.D. in the United States, slightly less 
than 50 years, and, in many living primi- 
tive peoples, “the peak in the curve of 
death is in the 20’s or 30’s.” 


Indian Knoll 


oar ONZE Age 
Austria 
seternens Egyptians 


o 50 60 


Mid-Point of Age Group in Years 


Fig. 2 


) 
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Indian Knoll compared to more advanced populations. 
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Fig. 3 


Methodological aspects 


The present study, when compared to 
the results of the 1941 evaluation, gives a 
comparison of ages at death of the same 
skeletal series based, in 1941, on the stand- 
ards of cranial suture closure of Todd and 
Lyon (24 and 725), and, in 1959, on the 
information gained from the entire skele- 
ton. 

It is not within the scope of the present 
paper to summarize the criticisms leveled 
against the use of cranial suture closure in 
the aging of skeletal remains. However, 
recent publications by Cobb (52), Singer 
(753), Brooks (55) and McKern and Stew- 
art (57) have all pointed out the vari- 
ability that exists between individuals in 
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21-30 
Age Group in Years 


1-h 5-9 10-1h 15-19 
Vine Vie yr. 


Indian Knoll compared to more primitive groups. 


4 Indian Knoll 
Neanderthal 
Cro-Magnon 


- Mesolithic 


31-0 


Indian Knoll 


— ——Mokapu (Hawaii) 


the attainment of closure of these suturd§ 
Singer, after observing closure in 4 
skulls of various racial affiliations, hiff 
concluded that assessment of age basi 
on these criteria alone “.. . i 
and unreliable procedure” 
Kern and Stewart, 
ranges as high as 21 years among youilg 
American males exhibiting similar c 
grees of suture closure. | 
In the comparison of the two asse## 
ments of the Indian Knoll series, diffe 
ences were also noted. Figure 4 shows t! 
shift in the frequency distribution betwe 
the two evaluations. 
The average age of the skeletons ow# 
20 years of age (thus eliminating thc 


| REASSESSMENT 


20% 


10% 


5% 


die 


Le 


OF INDIAN KNOLL SKELETONS 


243 


\ Sas oul 


1959 


CE i 32 37 


Mid-Point of Age Group in Years 


Fig. 4 Distribution of the two assessments. 


TABLE 3 


Comparison of the two sex assessments of the Indian Knoll series 


Assessment Male Female Undetermined 
Jo % % 
1941 (Snow) 48.8 40.5 NOM, 
1959 (Johnston and Snow ) 52S 43.3 4.4 


See | 


here suture closure was not a factor in 
ding) was 26.1 years in 1941 and 30.7 
>sars in 1959. (Both figures are based only 
a those skeletons located at the Univer- 
ity of Kentucky.) The mean increase, due 
| differing methodologies of skeletal ag- 
'g, is therefore 4.6 years. This number 
icomes significant when it is noted that 
»cKern and Stewart (57), in correlating 
jtimated age based on degree of suture 
_osure with known age, computed a stand- 
‘d error of estimate of 4.4614 years. The 
xtreme closeness of these figures seems 
) indicate that, on the average, a 44-year 
/ror may be expected when aging skeletal 
faterial by means of cranial suture 
/osure. 

The sex ratios of the two assessments 
"e very similar, as shown in table 3. This 
idicates that constant results may be ex- 
acted when sexing skeletal material, un- 
ss a low degree of sexual dimorphism 
iakes any degree of certainty difficult. 


SUMMARY AND CONCLUSIONS 


A reassessment of the Indian Knoll 
skeletal population, in terms of age and 
sex, and subsequent comparisons, to an 
earlier assessment, and to other popula- 
tions, have led to the following conclu- 
sions: 

1. The demography of the Indian Knoll 
population is similar to the more primitive, 
non-agricultural groups, and exhibits little 
over-all similarity, in terms of age distri- 
bution, to more economically and techno- 
logically advanced groups. 

2. The average difference between skele- 
tal aging by means of closure of the cra- 
nial sutures and by means of a composite 
of skeletal and dental criteria was, at In- 
dian Knoll, 4.6 years. This average is very 
close to the standard error of estimate of 
McKern and Stewart (57) of 4.4614 years, 
between predicted and actual ages. 

3. The sex ratios of the two studies of 
the same population were similar, indicat- 
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ing that skeletal sexing, at least as far as 
Indian Knoll is concerned, gave relatively 
constant results. 
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| In order to obtain a complete cranio- 
¢gical analysis in anthropological studies 
jie must use both metrical and graphic 
‘chniques. In craniometrics, linear dis- 
.nces are measured between well defined 
joints on the cranium, usually with com- 
jasses and sliding calipers of different 


@ pes. 


From these measured distances, 


'\ Photographic Method for Craniometrics 


T. LEWIN, B. TENGROTH anv B. BERGKVIST 
Department of Human Anatomy, University of Gothenburg, 


one calculates ratios or indices which de- 
scribe the dimensions of the skull. In 
craniographics, the form of the skull is 
studied in different planes with the skull 
fixed in a craniostat. This is usually done 
by transferring to paper a craniogram or 
tracing of the skull-contour in the desired 
plane. The cubic craniophore seems to be 


TABLE 1 


Mean value of measurements by three craniometric techniques 


(All measurements in mm) 


i Standard 


Sliding calipers 


Spreading caliper 


Photo technique 


Deviation Deviation 
> craniometric Mean Mean from the Mean from the 
* distance as value value mean value mean 

; defined by of 5 of 5 - value of 5 | value 
Martin determi- determi- for the determi- for the 
nations nations sliding nations sliding 
calipers calipers 
| M1 181.7 182.6 +0.9 181.9 a0. 
M3 179.2 180.0 + 0.8 179.8 + 0.6 
M 2 179.5 180.6 +1.1 180.2 +0.7 
M 2a 178.0 177.6 —0.4 178.0 25 (0) 
M 29 108.6 108.4 —0.2 108.4 —0.2 
M 30 125.6 126.2 + 0.6 126.4 +0.8 
M 31 90.7 91.0 +0.3 91.4 + 0.7 
M5 96.1 95.2 —0.9 95.6 —0.5 
M8 142.0 143.2 +1.2 142.8 +0.8 
M9 103.5 104.2 +0.7 103.6 +0.1 
| M 10 121.9 122.2 +0.3 121.8 0 
M11 PASS 7 126.4 + 0.7 125.8 +0.1 
| M 12 ier 116.0 —1.7 118.2 +0.5 
M 13 100.0 100.0 eta) 100.0 == (0) 
| M17 12553 126.0 +0.7 126.0 +0.7 
i M 40 96.0 95.6 —0.4 95.6 — 0.4 
. M 48 73.4 73.8 + 0.4 73.6 + 0.2 
M 43 105.7 106.6 +0.9 105.8 +0,1 
| M 43 98.3 97.0 —1.3 98.6 +0.3 
M 44 96.5 96.0 —0.5 96.4 =0,1 
M 45 IPA 118.8 — 2.3 11949402 +1.1 
M 49 23.0 23.4 + 0.4 PEEP? + 0.7 
M 50 Psy 24.8 —0.3 24.8 — 0.3 
M 46 96.7 98.0 +1.3 96.6 —0.1 
| M54 23.6 23.2 —0.4 23.8 +0.2 
j M 55 55.9 54.6 —1.3 56.2 +0.3 
| M 51° 39.5 39.2 —0.3 39.4 —0.1 
| M 514 40.5 39.8 —0.7 40.4 —0.1 
M 62 48.4 47.4 —1.0 49.6 +1.2 
M 63 37.9 38.6 +0.7 38.2 +0.3 
M 60 56.9 56.0 —0.9 57.4 +0.5 
M61 Sia 58.6 +1.3 58.2 +0.9 
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Standard craniometric distances as defined by Martin 
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Fig. 1 Large measurements on the cranium and face. The deviation of the spreading 


caliper () and photographic technique (©) from the mean values of the measurements 


obtained with the sliding calipers. 


the most suitable one for this purpose be- 
cause it is easy to obtain craniograms in 
frontal, horizontal, and sagittal planes. 
With these indices and craniograms the 
skull can be characterized and different 
skull-types can be compared. 

During the last few years, many studies 
have been made using photographs of the 
skulls as a craniographic procedure. The 
photographic technique offers the advan- 
tages of speed and convenience and gives 
a general impression of the skull in its 
different aspects. 

Because of these advantages, Tengroth 
(754) modified the photographic technique 
so that it could be used craniometrically 
to measure linear distances on medieval 
skulls. 

In this paper the authors have attempted 
to compare the accuracy and precision of 
this photographic technique with the ear- 
lier craniometric methods. 


PROCEDURE 

The comparison of techniques was mad} 
by measuring the distances between thy 
standard craniometric points as defines 
by Martin (’57). The measurements wer 
made 5 times by each method on an adul 
male medieval skull with sufficient tim 
intervals so as not to be influenced by th 
previous measurements. Such measure 


ments are conventionally obtained directli} 
from the skull by means of sliding calif 


pers and spreading caliper (Tasterzirkel } 
Therefore, these intruments were used fc 


comparison with the photographic techi¥ 


nique. 

Measurements were obtained by th 
photographic technique in the followin) 
way. The location of each craniometril 
point to be measured was indicated on thi 


skull with plastic pins (figs. 4, 5, 6). Thes# 


are exactly 30 mm long. One end 


tapered so that it can be attached acer | 


PHOTOGRAPHIC CRANIOMETRICS 


lately to the craniometric landmark with 
Jiodeling clay. The blunt end of the pin 
ijrojects beyond the contours of the skull 
nd is colored black so that it can be easily 
ilentified in the photographs. After these 
4ins were applied, the skull was placed in 
4 cubic craniophore and oriented with the 
4 rankfurt horizontal parallel to the base of 
jie craniophore. Photographs of the skull 
sere taken in three views, frontal, lateral, 
nd superior, using a long focal-length 
ens at a distance of 12.5 meters. A metal 
od, 485 mm long, was placed on the crani- 
jstat parallel to the film plane. The nega- 
ives were enlarged so that this rod was 
85 mm long in the finished photograph. 
éhis provided a life-size picture of the 
<ull on which direct measurements were 
fnade. In such photographs, the cranio- 
a points lie exactly 30 mm proximal 
) the black mark on the measuring pins. 
secause of this relationship it is easy to 
jpcate the craniometric points and to meas- 
re the distances between them on the 
thotograph. 


RESULTS 


{ The mean values of the measurements 
tbtained by these three craniometric tech- 


Standard craniometric 


distances as defined by Martin 


5) |51,| 62 |63 | 60 | 61 
s d 


54 {55 


ae Se 
Deviation in mm 


nl a Ne 


Fig. 2 Small measurements on the face. The 
-eviation of the spreading caliper (x) and the 
bhotographic technique (0). 


247 


Deviation in mm, 


2.0 


x 


Fig. 3. The relationship between the deviation 
from the sliding calipers and the distance being 
measured; X—x, the spreading caliper; O—O, 
the photographic technique. 


niques is shown in table 1. The standard 
deviation from these means is less than 
0.50 mm in every case and least for the 
sliding calipers. 

The distribution of the mean values is 
shown in figures 1, 2, 3. In these graphs 
the horizontal base line represents the 
mean values of the measurements ob- 
tained with the sliding calipers which are 
regarded as the most accurate values. The 
deviation in millimeters from this value is 
shown for the spreading caliper (=) and 
the photographic technique (©). Each 
point on the graph thus represents the 
mean value of 5 determinations. 

In figure 1, we see the distribution of 
values obtained from large measurements 
on the cranium and face. The deviation 
of the spreading caliper measurements 
(Xx), from the base line, is greater than 
that of the photographic technique (O). 
For such distances, the photo technique 
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gives a maximum error of less than 1 mm, 
and the measured value tends to be larger 
than the actual value. 

In figure 2 the distribution of values is 
shown for small measurements on the face 
(orbital dimensions, etc.). Here we see 
that the spreading caliper (x) tends to 
give values which are too small and the 
photo technique (©) tends to err in the 
opposite direction, but its range of error 
is still smaller than that of the spreading 
caliper. 

In figure 3, the values for all measure- 
ments are shown. The deviation from the 
base line has been plotted against the 
length of the distance being measured. 
The trend of error for the spreading cali- 
per (X—X) and the photographic tech- 
nique (O—O) are indicated. For distances 
less than 100 mm, the spreading caliper 
gives values which are too small; above 
100 mm, it gives values which are larger 
than the actual measurement. The photo- 
graphic technique gives a positive error 
throughout the whole range of distances, 
but this error is again shown to be smaller 
than that of the spreading caliper. 


T. LEWIN, B. TENGROTH AND B. BERGKVIST 


SUMMARY AND CONCLUSIONS 


From this study one can conclude that 3}} 

1. The photographic technique can be}, 
applied to craniometric studies. | 

2. The photo technique has the advan 
tages of speed and convenience when cont 
pared with the sliding calipers and spreaa 
ing caliper. 

3. The photo technique has a smalle 
range of error than the spreading calipe 
and it tends to err on the positive side fo 
the full range of distances measured. | 

4. The spreading caliper tends to ern] 
on the negative side for small distal 
and on the positive side for large distances 

5. The photo technique is more accurate 
than the spreading caliper especially wher 
one is preparing indices based on bot 
large and small distances. 


—__ i 
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HHOTOGRAPHIC CRANIOMETRICS PLATE 1 
'. Lewin, B. Tengroth and B. Bergkvist 


Skull mounted in cubic craniophore. Frontal view, plastic markers have been attached 
to the craniometric points, so that the end of the marker projects beyond the contours 


of the skull. 


Skull mounted in cubic craniophore, lateral view. 


Skull mounted in cubic craniophore, superior view. 


Skull mounted in cubic craniophore, frontal view. A metal rod, 485 mm long, is placed 
on the craniophore parallel to the film plane. 
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\\ Note on the Fusion of the Lunate and 


/'riquetral Centers 


RONALD K. WETHERINGTON 


Departments of Anthropology and Human Genetics, 
The University of Michigan, Ann Arbor, Michigan 


| Recently two publications (Dean and 
Sones, 59; Silverman, ’55) have illustrated 
jarious stages in the apparent fusion of 
1e lunate and triquetral bones of the wrist 
nd have offered plausible explanations 
»s to its cause. Both papers dealt with its 
sacidence in African children and Silver- 
fian showed serial radiograms of a Negro 
irl from 6 through 8 years of age. Re- 
i of lunate-triquetral fusion indicate 
» to be more common among Negros than 
‘ whites, although no explanation for this 
| as been proposed. 
" An example of fusion of these carpals 
yas recently found in the course of assess- 
“1g maturation in 1400 hand films of a 
Se atrol group of Hiroshima children, a 
roject of the Child Health Survey of the 
ec Bomb Casualty Commission.’ The 
tingle instance is a Japanese boy of 8! 
‘1 ears (103 months), in whom the two cen- 
ers have reached the final stage of fusion 
fig. 2). So far as we know this is the 
jrst report of such fusion in an Oriental. 
the study is following a cross-sectional, 
ar latitudinal, approach and thus prevents 
erial radiograms of the stages of fusion. 
aly left-hand films were taken, making 
¥: impossible to ascertain whether the con- 
jition in this instance is bilateral. 
The film clearly illustrates the absence 
if any line of union of the two centers, as 
Jccurs in Silverman’s case (’55; fig. 1C). 
i none of the illustrations of Dean and 
Sones (59) is the process of fusion com- 
plete, and they suggest that the line of 
inion “may possibly indicate the forma- 
tion of a pseudo-arthrosis” (p. 280). Com- 
»leted fusion without a line of union has 
a, reported in white adults (Curr, “46— 
447; McConnell, 06-07), and it is not 
(nown at what exact age the two centers 
‘ompleted fusion. In the cases of Curr 


and McConnell the combined centers have 
reached their final stages of configuration 
and size; ours is the first case we found in 
which fusion is completed in a child, while 
the maturational status of the combined 
center is still in an early stage. It seems 
probable, however, that the line of union 
in Silverman’s figure 1C (8 years old) was 
obliterated shortly thereafter, at about the 
same age as ours or Slightly later. 

Dean and Jones also note a tendency of 
the triquetral to elongate in their cases of 
“fusion” and suggest a relationship be- 
tween elongation and the tendency to fuse 
with the lunate. In our case fusion is so 
complete that it is difficult to find the orig- 
inal borders. However, we have found sev- 
eral instances in which the triquetral was 
elongated and rather narrow with no evi- 
dence of the tendency of fusion. It seems 
likely, however, that as the ossification 
centers approach each other both will tend 
to lengthen beyond normal dimensions. 

Figure 1 illustrates what we consider 
to be the possible stages of fusion in our 
case, with the stippled area representing 
the zone of chondrification prior to ossifi- 
cation. It seems unlikely that accessory 
centers between the two normal centers 
could be responsible for this particular 
case. We found many such accessory cen- 
ters in our study without any suggestion 
of fusion. It likewise seems probable that 
the area between the two centers is joined 
by a cartilaginous mass sometime prior to 
overlapping or joining of ossification, but 


1We gratefully acknowledge the financial sup- 
port in this survey of the U. S. Atomic Energy 
Commission, the Rockefeller Foundation, the 
U.S. Public Health Service, and the Association 
for the Aid of Crippled Children. Gratitude is 
expressed to Dr. J. V. Neel and D. J. N. Spuhler 
for their guidance. 
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3 a 


Fig. 1 Possible stages of fusion of the lunate and triquetral seen in figure 2. Stippled 
areas represent zones of chondrification. Arrows indicate volar markings. 


Fig. 2 Fusion of lunate and tri 


quetral centers in Japanese (Hiroshima) b 
: a 
months. (Courtesy Atomic Bomb Casualty Commission). : Bed 308 


| 
| 


jhether this “transarticular” chondrifica- 
on arises in the fetal stage or after birth 
a moot question. We prefer to think 
iat the two cartilaginous masses join just 
iter the two centers of ossification have 
§.peared, or shortly before, as illustrated. 
wo centers arising in one mass of carti- 
‘ge is, of course, common, for we see it 
4. ulnar and phalangeal epiphyses, but 
hen this occurs the two centers invari- 
ly join to form a single ossific center 
yitly in development. In the case of 
j)nate-triquetral fusion, however, the two 
\mters are usually well-developed and 
jten have advanced volar surfaces before 
jining. 
_A rudimentary volar marking appears 
j. our film as a dense area on the hamate 
argin. It is possible that before fusion 
|e two centers were beginning to de- 
‘lop separate articular markings (fig. 1, 


ith Any 


1 The hand film shown (fig. 2) was graded 
jy our CHS Method (Wetherington, ’61), 
§-ilizing maturity points obtained from the 
aidicators of maturity in Greulich and 
‘yle’s Atlas (’59). By this method the 
hhild was found to be slightly retarded in 
‘eletal development (90% of normal) for 
§s age, though not significantly so. Nor- 
) al children in his age group have attained 

Total Maturity Index of 50% (of com- 
eted maturity), whereas his Index was 
5%. We do not believe this slight re- 
srdation to have any association with the 
nate-triquetral fusion. 


LUNATE AND TRIQUETRAL BONE FUSION 
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SUMMARY 


The fusion of lunate and triquetral car- 
pal centers in the wrist of a Japanese boy 
of 8¥2 years was examined. Fusion of the 
centers was complete and no line of union 
remained. 

It is suggested that the union of the two 
zones of chondrification preceded the union 
of the centers and that the centers thus 
developed, shortly after ossification began, 
in a single mass of cartilage. 

The other centers of the hand had at- 
tained a maturational status just below 
normal, but it is believed that the fusion 
of the two centers has no effect on the 
development of the rest of the hand. 
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| The Goajiro occupy the arid La Goajira 
jeninsula which at 11°N and 73°W ex- 
mds into the Caribbean Sea and which 
dlitically belongs to Colombia except for 
| Narrow coastal belt to the south which 
a part of Venezuela. The Indians have 
2en reported in that area since early his- 
jyric times and with a population of some 
19,000 individuals, they represent one of 
1e most numerous modern Indian tribes 
}? South America. 
) Regarding Goajiro culture identification, 
je are inclined to believe these Indians to 
ave been in possession of a Marginal type 
i culture at the time of the Discovery. 
jhe other possibility would be to ascribe 
1 them a lower type of Tropical Forest 
uture, featuring incipient agriculture, 
eaving, pottery, village communities 
ised on kinship, and a religion limited 
' shamanism and beliefs in mythological 
slestial beings and bush spirits. It is dif- 
cult to decide in favor of any one of these 
iternatives, since only scarce traces of 
Je-Colombian Goajiro remain. It seems 
fe to say that the Goajiro did not share 
le higher level of culture development 
ibserved in the other Arawakan tribes of 
fenezuela and the Guianas. In the past, 
ithropologists may have conceived of a 
aiform culture type as being standard for 
/1 Arawakan-speaking Indians. This does 
iyt seem to accord with the facts and, 
deed, on a previous occasion, we had to 
sscribe the culture of the Paraujano, the 
cawakan neighbors of the Goajiro, as 
ing Marginal in type (Wilbert, °59). 
owadays, many of the characteristic fea- 
#res of Tropical Forest cultures have a 
‘sry restricted distribution among Goajiro, 
hd are of subordinate importance. Clos- 
ig the vicious circle of such argumenta- 
jon again, we have to admit that many 
ements of Goajiro culture may very well 
i interpreted as genuine relics of an early 
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Marginal Goajiro culture which only lost 
importance because of changes in the 
traditional economic pattern. By 1550, 
the latter suffered a powerful shock, 
through the adoption of cattle, horses, 
sheep, goats, pigs, fowl, and donkeys, in- 
troducing a series of changes with far- 
reaching consequences. 

As expected, these radical changes in 
the Goajiro traditional economy also af- 
fected their social structure. According 
to several authors, Goajiro society is com- 
posed of some 30 matrilineal sibs, named 
after animals. Today, the majority of these 
still exist, but herding has made them 
nomadic and non-localized, although large 
sib-territories are respected. Houses which 
may have been more solid structures once, 
were replaced by simple shelters. Status 
differences between the sibs increased con- 
siderably ever since cattle became the 
basis for the same. While the authority 
of the local group rested strongly on the 
personality of mother’s brother, property 
was, and thoretically still is, owned com- 
munally. A process of individualization 
favors personal property and _ personal 
status, and the breaking up of larger bands 
into extended families and nuclear fami- 
lies appears to be inevitable. The latter 
stage of development has not been com- 
pletely reached, mainly because herding 
requires the cooperation of a number of 
persons who are conveniently supplied by 
the extended family. 

Today, most of the Goajiro sibs still have 
a chief whose office is matrilineally in- 
herited but there is no central government. 
The social structure of the Goajiro is char- 
acterized by extended families with polyg- 
ynous nuclear family households. The 
most important dividing line going through 
inter- or extra-group relations is the dis- 
tinction the Goajiro make between “blood- 
relatives” and “flesh-relatives.” Blood-rela- 
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tives are patrilineally related, whereas 
flesh-relatives are related to Ego through 
the mother’s line. Kinship ties between 
flesh-relatives are considered to be stronger 
than those existing between blood rela- 
tives. Among all kinsmen the maternal 
uncle possesses the greatest authority and 
his word counts in all domestic affairs. 
Therefore we find the extended family 
clustered around the homestead of the 
maternal uncle, which makes the Goajiro 
a matrilineal avunculocal society; other- 
wise residence is matrilocal. The kinship 
system of the Goajiro is of the Crow type. 
As for the sanctioned forms of cousin mar- 
riage, Ego may marry any cousin on either 
side except for mother’s sister’s children. 
Ego may also marry any kinsman of the 
third degree with the exception of a 
mother’s sister’s daughter’s child. All rela- 
tives of the 4th degree are potential 
spouses. Polygyny is practiced and is defi- 
nitely a mark of status and rank. Sororate 
is sanctioned, although it very rarely oc- 
curs. The data indicate a very typical 
Crow system (Jahn, ’27; Steward-Faron, 
59; Wilbert, 58). 


Blood group antigen studies 


The blood groups of the Goajiro were 
first examined by Layrisse, Arends and 
Dominguez Sisco in 1955. The authors 
tested 152 Goajiro of Siruma (Venezuela) 
for the ABO, Rho, and Di* antigens, find- 
ing 98% of group O, 99% of Rho positive 
and 5.26% of Di(at). In 1957, Nunez 
Montiel, Arteaga, and Nunez Montiel ex- 
amined 370 Goajiro Indians settled at 
Siruma and Las Tabaras, near Maracaibo. 
All the samples examined were group O, 
Rho positive and 118 samples were tested 
for the antigens C,c,D,E, and e. They 
found 9.22% of the chromosome Rb», 
61.07% of the Ri, and 28.71% of the Re. 

In December, 1958 the authors of the 
present paper carried out an expedition 
with the purpose of testing some more 
Venezuelan Goajiro. On this occasion, 119 
blood samples were taken from individuals 
not too closely related and who belonged to 
different sibs distributed throughout an 
intensive area. The following antibodies 
were used for the blood group tests: 

1. Anti-A, anti-A:, and anti-B for 
A: A:BO. 
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2. Anti-M, anti-N, anti-S, anti-s, amy | 
anti-U for MNSs. 

3. Anti-P; (previously called anti-P 
and anti-P+P, (previously called anti-T) 
(Sanger, 55). | 

4. Anti-C, anti-c, anti-D, anti-E, anti-ef 
and anti-V for Rh. 

5. Anti-Lu* for Lutheran. 

6. Anti-K and anti-k for Kell. 

7. Anti-Le* for Lewis. | 

8. Anti-Fy* for Duffy. : 

9. Anti-Jk* for Kidd. | 
Anti-Di* for Diego. 1) 

11. Anti-Js* for Js. qT 

A:A:BO. Only 5 samples were distina 
from group O indicating a small admizh 
ture with either Caucasoids or Negroids}} 

MNSs. The gene M occurred in hig 
frequency as in most Indian tribes tested 
The gene S was also high (44.71% ) whicif 
is very similar to the incidence found il} 
Paraujano (Layrisse, Layrisse and Wilber# 
59a), Carib (Layrisse, Layrisse and Wi 
bert, *59b), and Caingang (Fernande 
Junqueira, Kalmust, Ottensooser, Pasqud 
lin and Wishart, 58). This gene wa 
mostly traveling with the gene M in| 
ratio of 3/1. 

P. According to previous studies 
American Indian blood, including t 
present data, it seems that the low fr@ 
quency of the gene P; (previously calle 
P) is a genetic characteristic of the Ame} 
ican Indian which if so, would permit th) 
separation of Indians from Negroes an 
Whites. 

Rh. The presence, although low, af 
the chromosome R,(cDe) (3.68% ) as weg 
as that of the V antigen indicate Negro aif 
mixture. The chromosomes R:(CDe) ar 
RAcDE) ratio (4/1) was within the limilf 
that had been observed in other Sout 
American Indians although different fro} 
the ratio found in North American Ing 
dians. All cases were Rho(D) positive. | 

Lutheran, Kell and Lewis. Only on 
K(+) was found but not a single sampigf 
carried either the Lu* or the Le* antigenifl 

Duffy and Kidd. The incidences of tH@ 
gene Fy* (67% ) and Jk* (59% ) were vei 
similar to those obtained in Paraujan@ 
(Layrisse, Layrisse and Wilbert, ’59a) a: | 
Carib tribes (Layrisse, Layrisse and W: 
bert, ’59b). 


, 


t Diego. The frequency of the Di(a+) 
t this tribe (10% ) is the same as ob- 
srved in Paraujano. 

Js. The Js* antigen was only present 
one sample, which is in accordance 
jith the frequencies of the chromosome 
jo and the gene V. 


Rate of admixture 


| Although the social control pattern of 
j\e Goajiro is a strong barrier which pre- 
/2nts interbreeding with other populations, 
jie vicinity of settlements occupied by 
\’hite and Negro in the southern part of 
la Goajira provides the possibility that 
ney may have certain admixture with 
th ethnic groups. 

3 Negro admixture. For the estimation 
{° the rate of gene flow introduced into the 
jpajiro population we have used the fre- 
jiency of Negroid genes V— and Js* found 
«. the samples presented here. It was not 
Pssible to measure accurately the R» fre- 
jiency. In the Rh chromosome calcula- 


: was found. Since this 
\ibe has also White admixture it would be 
‘ry difficult to ascribe which fraction of 
je total amount could correspond to each 
iromosome. 

«©, According to Glass and Li’s formula the 
te of Negro admixture, using the gene 
‘ would be 1.91%, and using the gene 
7? it would be 3. 44% (table 1); then the 
gerage of admixture accumulated after 
0 years would be 2.67%. This figure 
ould be taken as approximate because of 
ye small number of samples tested. 

: White admixture. The most probable 
“idence of White admixture in the Goa- 
Jo tested was the presence of a sample 
I+). While this antigen was reported 
| be present at a rate of about 10% in 
‘uucasoids, it proved to be 1% or less in 
est African Negroes and negative in the 
llajority of the American Indian tribes 
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studied. According to the frequency of 
this gene in the Goajiro, the Caucasoid 
genes introduced by the descendants of 
Spaniards would be about 8.19%. 

If we try to estimate the Caucasoid ad- 
mixture using the genes A and B it would 
be necessary to subtract first the genes 
responsible for the Negro admixture and 
later calculate the rate of White admix- 
ture. The available data for West African 
Negroes (Mourant, Kopec and Domaniew- 
ska, 58) show a frequency of 14.97% 
for the gene A, 12.70% for the gene B 
and 72.57% for the gene O; so that 2.67% 
of these frequencies come up to 0.39% 
for A and 0.33% for B. 

Since the Goajiro showed a frequency 
of 1.28% of A and 0.85% of B there 
remained 0.89% of A and 0.52% of B 
after the genes responsible for the Negro 
admixture were subtracted. According to 
Mourant, Kopec and Domaniewska (58), 
the frequency of A in Spaniards is 28.24% 
and of B is 6.24%. The calculation of 
Spanish admixture from the remaining 
frequency of A and B in the Goajiro would 
be 3.12% according to the gene A and 
8.33% according to B. Therefore the av- 
erage of Spanish admixture calculated by 
the genes A, B and K amounts to 6.54%. 

This indicates then, that in spite of 
their having been in contact with White- 
Negro populations in Venezuela and Co- 
lombia for approximately three centuries, 
the Goajiro remain practically unmixed. 
Since we tested a small number of samples 
and the White-Negro admixture is rather 
low, the figures for Negro admixture 
(2.67% ) and White admixture (6.54% ) 
should be considered as approximate. 

Table 2 shows the probable distribution 
of blood groups in prehistoric Goajiro. It 
was calculated by subtracting in each 
blood group system the genes responsible 
for White-Negro admixture and by ele- 


TABLE 1 
Rate of West African Negro found in the Goajiro Indians according to Glass and Li’s formula 


Percentage 
Genes or Q do ax of admixture 
chromosomes Aan ted 
V 22.54 0.00 0.43 1.91 
Js? 12.50 0.00 0.43 3.44 
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TABLE 2 
Frequency of blood group antigens in Goajiro Indians 
Modern Goajiro Prehistoric Goajiro 
possible frequency 
Phenotypes (% ) 
Genes or Genes or 
Number Frequency Frequency chromosomes Phenotypes chromo- 
observed observed expected somes 
%o % % 
AiA2BO System 
At 3 2 PSP) 1.28 0.00 0.00 
B , 1.68 1.67 0.85 0.00 0.00 
O 114 95.79 95.79 97.87 100.00 100.00 
Total 119 99.99 100.00 100.00 100.00 100.00 
MNSs System 
MMSS 18 1513 15.58 16.92 
MMSs 27 29.69 25.32 MSo 4s 24.05 NAS 
MMss ile 14.28 10.21 10.04 
MNSS 10 8.40 3.34 Mage he 3.36 ore 
MNSs 18 P53 21.83 21.98 
MNss 18 iUSy 163 i505 15.96 
NNSS 0 0.00 0.18 IE 0.18 rave 
NNSs 3 BIS? 2.06 1.93 
NNss 8 6.72 5.92 NS et 2 5.57 coer 
Total 119 100.00 99.99 100.00 99.99 100.00 
All samples were U( + ); x? = 12.02; n = 8; 0.20 > P > 0.10. 
P System 
Py 63 52.94 31.41 49.43 28.89 
P2 56 47.05 68.59 50.57 Aleit 
p (0) 0.00 0.00 0.00 0.00 
Total 119 100.00 100.00 100.00 100.00 
Rh System 
CCDEE 6) 0.00 0.02 0.02 
CCDEe 2 1.68 2.08 ee 2.35 SSS 
CCDee 58 48.74 60.25 65.09 
CcDEE 1 0.84 0.46 Sapees MEI 0.52 adil 
CcDEe 40 33.62 
CcDEeV 1 0.84 27.04 28.83 
CcDee fel 9.24 aie 0.00 
ccDEE 4 3.36 3.01 LEE MEE 2 3.19 17.86 
ccDEe 0.84 1.28 0.00 
Dee 1 0. cDe 3.68 
ccDe 84 0.14 cae 0.00 
Total 119 100.00 100.00 100.00 100.00 100.00 
X= 6.0050 — 459 0.00 sb 10:02. 


here X would be the gene frequency in 
\ehistoric Goajiro; ais the gene frequency 
i). modern Goajiro; B the rate of Spanish 
iImixture; b the gene frequency in Span- 
ih; C the rate of West African Negro ad- 
jixture; c the gene frequency in West 


ifrican Negroes. 
| 


| DISCUSSION 


( Together with the Cariban-speaking In- 
ans, the Arawakan belonged to the two 
jcincipal groups of Indians in the Guianas 
ad in lowland Venezuela. Although 
july maps and sources mention a larger 
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TABLE 2 (Continued) 
Frequency of blood group antigens in Goajiro Indians 
Modern Goajiro Prehistoric Goajiro 
Phenonpes() possible frequency 
Genes or Genes or 
Number F FE. 
Obsetveds observed. | ‘ospetted Cater @ececuee ure “Cuma 
% % % 
Lutheran System ° . J 
Lu(a+ ) 0 0.00 0.00 Lu’ 0.00 0.00 0.00 
Lu(a—) 119 100.00 Lu? 100.00 100.00 100.00 
Kell System 
KK (0) 0.00 0.00 0.00 0.00 
Kk i 0.84 0.85 is 0.00 
kk 118 99.16 99.14 k 99.57 100.00 100.00 
Lewis System 
| Le(a+ ) 0 0.00 0.00 
ee teCa— ) 119 100.00 100.00 
Duffy System 
| Fy(a-+ ) 106 89.07 Fy? 66.96 91.96 70.43 
\ b 
|| Fy(a—) 13 10.93 i 33.04 8.74 29.57 
i Kidd System 
 JkGa+) 99 83.19 Jk 59.02 83.13 58.92 
| Jk(a— ) 20 16.81 Jk» 40.98 16.87 41.08 
| Diego System 
i Di(a-+ ) 12 10.08 Di? 5.18 10.98 5.65 
H ) Di(a—) 107 89.92 Di 94.82 89.02 94.35 
| Total 119 100.00 100.00 100.00 100.00 
Js System 
| JsCat+) al, 0.84 Js? 0.43 0.00 0.00 
| Js(a—) 118 99.16 Js 99.57 100.00 100.00 
i Total 119 100.00 100.00 100.00 100.00 
if 
H 1 For the calculation of the x2 the Rh phenotypes were grouped as follows: 1 (CCDEE- 
| CCDEe), 2 (CCDee), 3 (CcDEE-1CcDEe), 4 (ccDEE) and 5 (CcDee-ccDEe-ccDee). 
if 
‘iting the remainder from 90.79% to number of Arawakan-speaking tribes in 
|)0% . It can be expressed by the formula: the area which to-day belongs to Vene- 
| ee 2 (Bb) = (Cre) zuela, their number is extremely reduced. 
a 1—B—C The only representatives of the Arawakan 


family which still exist in Venezuela in 
aboriginal communities are: the Goajiro 
and Paraujano in Western Venezuela 
(Estado Zulia), the Aruaco in the extreme 
East of the country (Territorio Federal 
Delta Amacuro), and the Baré-Baniva- 
Mandahuaca to the South (Territorio Fed- 
eral Amazonas), (Dupouy, 53). None of 
these tribes has ever been thoroughly stud- 
ied and blood group tests are available 
only of the first two tribes mentioned 
(Layrisse, Layrisse and Wilbert, ’60a). 

It is noteworthy that the rate of White- 
Negro admixture among the Goajiro 
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showed such a low rate, in spite of early 
and relatively extensive contacts between 
the Old and the New World. It certainly 
proves the pattern of social control on a 
sib basis typical for the tribe under dis- 
cussion, to have been a very effective bar- 
rier of gene flow and that recent observa- 
tions of cooperation among local groups 
in repelling invaders, may represent an 
institution of long standing. Had we 
tested certain peripheral Goajiro groups, 
we are certain to have had established a 
considerably higher rate of admixture, 
since the process of individualization of 
the person as well as of the family can 
be observed there to be in full swing, 
favoring the break-down of the original 
boundaries of gene flow between the Goa- 
jiro and the White-Negro intruders. If we 


TABLE 3 
Comparison of the MNSs, P, Rh, Duffy, Kidd and Diego phenotypes between the Goajiro 
and Paraujano tribes 


Pattern of calculation—comparison of the MNSs phenotypes between the modern 
Goajiro and Paraujano 
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were to point out the basic cause of th} 
process, it would not be mistaken to refefi 
to the changes in the traditional econom}) 
pattern as being the responsible maje 
stimuli. | 

In the evaluation of the available bloc# 
groups data we have also attempted 
genetic comparison between the Goajitt 
and Paraujano. This has met with co} 
siderable difficulties since the modern re 
resentatives of both tribes carry a cé 
tain amount of Negro and White geneg; 
which is apt to disturb the phenotypep 
frequencies. It was considered to be mo € 
practical, therefore, to establish a cori 
parison between the probable phenotyy | 
frequencies of the prehistoric Goajiro a 
Paraujano, deductable from the incidene 


Absolute number x? 
Observed Ex ted = aie = 
Total aes oe 
Goajiro Paraujano Goajiro Paraujano Goajiro Paraujano 
MNSs System | 
MMSS 18 ji 29 14.44 14.56 0.88 0.87 | 
MMSs ON 29 56 27.88 28.12 0.03 0.03 
MMss ily 6 23 11.45 11.54 2.69 2.67 I 
MNSS 10 5 15 7.47 7.53 0.85 0.85 | 
MNSs 18 Si 55 27.38 27.62 3.21 3.19 
MNss 18 iil 29 14.44 14.56 0.88 0.87 
NNSS 0 2 2 1.00 1.00 1.00 1.00 
NNSs 3 10 3 6.47 6.53 1.86 1.84 / 
NNss 8 9 iis 8.46 8.54 0.02 0.02 
Total 119 120 239 118.99 120.00 22.76 
nS 


Comparison between the modern 
Goajiro and Paraujano 


0.01 > P + 0.001. 


Comparison between the prehistoric 
Goajiro and Paraujano! 


spetem Prob- Prob- 
x2 Number ae x2 Number falar 

than: than: 

MN 5.99 2 0.05 3.38 2 0.10 

Ss 12.68 2 0.001 4.36 2 0.10 

MNSs 22.76 8 0.001 15.02 8 0.05 
P 0.28 it 0.50 6.79 1 0.001 

Rh? 16.71 4 0.001 2.00 3 0.50 

Duffy 0.38 1 0.50 0.94 1 0.30 

Kidd 0.14 i 0.70 0.12 ik 0.70 

Diego 0.75 1 0.30 2.24 1 0.10 


1 The same number of modern Goajiro and Paraujano tested was taken for the calculation 


of the prehistoric tribes. 
2 See footnote 1, table 2. 


‘i the modern representatives of these 
Vibes. 

| Table 3 shows the values of x2 and P 
jotained by comparing the MNSs, P, Rh, 
ee. Kidd and Diego phenotypes of the 
‘nodern Goajiro and Paraujano as well as 
M a comparison of the probable pheno- 
(ypes in the prehistoric ancestors of these 
‘vibes. 

) The results of x? on P, Duffy, Kidd and 
‘iego in the modern Goajiro and Parau- 
no give a probability greater than 1 in 3 
wat the deviation of the phenotype fre- 
iencies is due to chance; but the proba- 
i sility with the MNSs and Rh is less than 
,in 100 indicating that a real genetic dif- 
rence exists between the two modern 
ibes. 

The frequency of probable phenotypes 
i. prehistoric Goajiro and Paraujano fits 
luch better since with the exception of 
|, the blood groups gave a_ probability 
jceater than 1 in 20 indicating that there 
jctually did not exist any real difference 
j2tween the phenotypes of the two tribes. 
} For the Diego system, the Goajiro phe- 
jotypes were estimated by summing up 
jie phenotypes of the Siruma settlement 
judied by Layrisse, Arends and Domin- 
jaez Sisco (755) as well as of those of the 
\Oajiro presented here. The incidences 
(° both modern and prehistoric Goajiro 
ad Paraujano were very close giving a 
‘cobability greater than 1 in 10. This 
ienetic relationship between two tribes of 
jlentical linguistical affiliation, confirms 
face again the observation we arrived at 
a more comprehensive study of the Di* 
ptigen recently published (Layrisse and 
\Vilbert, 60). We refer to the thesis that 
| henever two or more tribes can be proved 
» speak dialects of the same mother- 
jmgue, the percentage of frequencies of 
j1e Diego antigen within such populations 
jmds to be in the same range. 

| Up to the present we have evidence only 
»r a number of representatives of the 
lariban, Chibchan, Algonkian, Athapasa- 
in, Eskioman linguistic families. The 
ict that independently, Livingstone (’58) 
‘rived at the same conclusions in a simi- 
r study on African aborigines, seems to 
jabstantiate the theory. In any case, we 
lieve that the phenomenon appears to 


BLOOD GROUP ANTIGENS IN GOAJIRO INDIANS 


261 


be anything but surprising, since the fact 
that two tribes speak demonstrably related 
languages, has always been accepted as 
the most indubitable evidence of past his- 
torical connections. The reason why we 
hesitated to think along these lines, must 
have rooted in the phobia anthropologists 
habitually exhibit when cultural and ge- 
netic data are to be correlated. Our data 
are not utilized to prove one another; 
rather it is only proposed that the results 
of parallel executed studies on the genetics 
and the linguistics of a number of tribes, 
could result in a fruitful collaboration in 
identifying tribes and societies. The fact 
that by this method time depth could be 
attached to genetic research, by means of 
glottochronology, is clearly a very useful 
by-product of the proposed procedure. 
Among other insights, it may yield valu- 
able information on questions such as di- 
rection of gene flow, relative stability of a 
gene pool, ethnic identity of two groups 
which at the time of investigation speak 
the same languages as a result of accul- 
turation, and so on. 


SUMMARY 


The number of 119 blood samples from 
Goajiro Indians of Venezuela were tested 
for the blood group systems A,A;BO, 
MNSs, P, Rh, Lutheran, Kell, Lewis, Duffy, 
Kidd, Diego and Js. According to the fre- 
quency of genes Ai, As, B, V, K and Js* it 
was roughly possible to determine that 
these Indians have an admixture of about 
2.67 % of Negroes from West Africa, and 
6.54% of White represented by Spaniards. 
The blood group frequencies were gener- 
ally in accordance with those expected in 
South American Indians. The Di* inci- 
dence was very close to that found in 
Paraujano, the Arawakan neighors of the 
Goajiro. 
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bize and Form of the Dental Arches in Children with 


700d Occlusion Studied Longitudinally from 
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| This report presents findings on age 
jianges in the size and form of the maxil- 
iry and mandibular dental arches. AI- 
jiough many research papers have been 
jablished on this topic, few are based on 
rictly longitudinal material (Cohen, 40; 
jgeck, 50; Woods, 750; Brown and Dau- 
aard- ‘Jensen, pole Barrow and White, *52; 
llman, ’51 and ’56). To the fund of 
| 1owledge obtained through these investi- 
jitions, the present study contributes a 
amber of results from analyzing data on 
)) white children each having satisfactory 
icclusion and each examined repeatedly 
luring a period of 6 years or longer. 

* The results are reported under the three 
juptions: (1) widths of the upper and 
wer dental arches, (2) depths of the up- 
br and lower dental arches, and (3) in- 
ices of the form of each dental arch. All 
jiree sections present group findings in 
irms of central tendency and variability 
: selected ages, and individual findings 
jith respect to amount of annual change, 
‘riety of growth curve, and association 
\>tween traits. 


SOURCE OF DATA 


| Maxillary and mandibular hydrocal 
lists, made from alginate-base hydrocol- 
|id impressions, were available on 13 girls 
jad 16 boys enrolled in a longitudinal re- 
ip ‘arch project begun in 1946 at the State 
\niversity of Iowa. 

| The 29 subjects were North American 
‘hite children: 86% were third-genera- 
jon residents and the balance (4 sub- 
(cts ) had at least two grandparents born 
h North America. For 25 of the subjects 
136% ), the ethnic stock of at least three 
{-andparents was northwest European. 
locio-economically, the group was above 
yerage: over 50% of the fathers were 


ge 9 Years to Late Adolescence’ 


Iowa Child Welfare Research Station, Iowa City, Iowa 


men with professional or managerial oc- 
cupations. 

For each subject: 

1. Dental casts were available at semi- 
annual intervals from age 9 years to age 
12 years and at annual intervals from age 
12 years to age 15 years. For many of the 
subjects, there were casts available at ages 
8 years and/or at ages 16 and 17 years. 
The impressions and casts were made 
within a few days of the child’s birthday 
or midpoint between birthdays. 

2. Information was accessible indicat- 
ing acceptable dental occlusion through- 
out the ontogenic period covered. Ortho- 
dontic appraisal on the subjects, made at 
each examination, never included recom- 
mendation for treatment. Thus, the sub- 
jects were considered to have consistently 
good occlusion, ranging from “acceptable” 
to “excellent.” 


MEASUREMENTS 


Throughout this study, arch width re- 
fers to an interbuccal diameter of the den- 
tal arch at the permanent first molars and 
arch depth refers to a sagittal diameter 
from this line to an anterior point. 

Many different definitions and _ tech- 
niques have been used in studying dental 
arch widths and depths. 

Arch width. Meredith and Cox (’54) 
summarize buccal, lingual and intermedi- 
ate landmarks that have been employed in 
measuring the transverse distance be- 
tween the permanent first molars. Arch 
width measurements have also been made 
between posterior (distal) points on the 
tooth anterior to the permanent first molar. 


1 Supported in part by research grant D-217 
from the National Institute for Dental Research, 
of the National Institutes of Health, U. S. Public 
Health Service. 
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Use of the permanent first molars in 
measuring width of the posterior segment 
of the dental arch has the advantage of 
continued availability from age 9 years 
or younger. For the present study, then, 
these teeth were used. 

Since it has been shown (Meredith and 
Cox, 54) that measurement of maximum 
transverse diameter could be determined 
with high reliability, this method was 
adopted as the starting point for this 
study. However, the exact locations on 
the teeth of the points yielding maximum 
diameter at one age might vary slightly 
from the points yielding maximum diam- 
eter at another age. Strictly comparable 
anatomic landmarks from age to age were 
desirable not only for this measurement 
but also since it was planned to mark and 
use the same landmarks in deriving meas- 
ures of arch depth. 

It was decided to obtain the maximum 
diameter at age 12 years and carefully 
mark, with a hard pencil, the point on 
each molar that gave this maximum. Us- 
ing this anatomic reference, all casts of 
the same arch for a given subject were 
marked, one side at a time. To aid in plac- 
ing dots at the desired locations, calipers 
with fine sharpened ends, set for the dis- 
tance from the 12-year point to the buccal 
groove, were used to locate the land- 
mark at other ages. The point-groove dis- 
tance, although constant for one series of 
arches on a given subject, varied between 
2 and 3 mm for different series (upper 
and lower) and/or different subjects. A 
magnifying lens was also used to in- 
crease the precision. The procedure was 
repeated on each side of the two arches. 
The points on either side of the arch are 
designated A and B, and the straight-line 
distance between them defined as arch 
width. 

From unpublished material, measure- 
ments of maximum interbuccal diameter 
at the permanent first molars were avail- 
able on the upper and lower arches of 23 
of the children in this study. Combining 
the data for the two arches, 46 algebraic 
differences between maximum diameter 
determined on unmarked casts and arch 
width as defined in this study were tabu- 
lated at three ages: 9 years, 12 years and 
15 years. The mean values for the distri- 
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butions did not differ significantly fre | 
each other. The largest difference was | 
age 15 years, the maximum diameter ave | 
aging 0.13 mm larger than the distani} 
between the marked points. The standaj | 
deviations of the three difference distri f 
tions were 0.13 mm, 0.09 mm and 0.) 
mm, respectively. The standard deviatiaf} 
at age 12 years was lower than at the oth 
two ages and essentially is an index }} 
reliability of measurement. At ages 9 yeag 
and 15 years, differences in the two metif, 
ods would include, besides a check on 1 t 
liability, any changes in the position of t! i 


teeth. For these two ages, the maxim 
diameter determined on unmarked cash: 
was never more than 0.5 mm larger the 
the diameter determined from points } 
and B. Over 80 % of the differences we): 
0.2 mm or smaller, and less than 10) 
were as large as0.4mmor0.5mm. | 


used here as applying to a straight-liiff 
distance from an anterior landmark tojf, 
posterior landmark. (This antero-pos} 
rior dimension has frequently been call 
“arch length.”) Anterior landmarks t 
have been used include the following: | 

1. Point of intersection of the line calf 
necting the most lingual aspects of a | 
central incisors at their mesial margi 
ridges and the sagittal line between t} 
central incisors (Brown and Daugaatt 
Jensen, 751). 

2. Midpoint of a line tangent to t 
labial surfaces of the central incisors (Bal 
row and White, 52; Moorrees, *59). | 

3. The point located by the intersectidff 
of the line drawn through the center of t 
first incisal edges and the median li 
(Sillman, 751). 

4. Center of the central incisors at tl# 
gum level (Goldstein and Stanton, ’35). 

5. Intradentale superioris linguale (He 
riques, °53). 

Posterior landmarks previously used i 
clude the midpoints of lines connectin 

1. The most dorsal points on the dist 
surfaces of the second deciduous molar jf 
second bicuspid (Moorrees, ’59). 

2. The mesial grooves of the permanelf 
first molars at the ridge level (Sillman, 51] 

3. The centers of the molars at the ii 
line (Goldstein and Stanton, 35). 


|4. The buccal grooves where they pass 
the occlusal surfaces (Brown and Dau- 
ipa “OLD. 

(5. The contact points between the per- 
janent first and second molars on the 
\dsagittal plane (Henriques, ’53). 

(The method of deriving midpoints of 
j2se lines frequently has not been speci- 
4d. 

In the present study, the steps in deter- 
jmation of arch depth include marking 
tree points, measuring three distances, 
jd deriving arch depth by formula. 

The mark for the anterior landmark 
|) was placed at the most lingual point 
the labial surface of the impression of 
y2 gingival tissue, midway between the 
}rmanent central incisors. The cast for 
fe arch at age 12 years was marked first 
‘4d, using a magnifying lens, points on 
) other casts of that arch for the same 
¢bject were marked at one time, to reduce 
2 possibility of slight change in placing 
2 point at different ages. The procedure 


— 


‘The three distances, AB (arch width), 
4 and BC were measured with sliding 
¥cenier calipers and recorded to the near- 
- 0.1 mm. Two independent sets of 
sasurements were made by the same in- 
Widual. The average of the two obser- 
tions for a given distance was used ex- 
ot when the two records differed by more 
‘an 0.2 mm. In the latter instances (less 
jan 10% of the paired readings), addi- 
inal sets of independent readings were 
‘ken and all observations averaged after 
;carding obvious misreadings. 

‘Arch depth (the distance from C to the 
idpoint of AB) was computed from the 
tee measurements by the formula for 
> median of any triangle with known 
ieee 


Widths of the upper and lower 
dental arches 


\Group findings. The means, standard 
lwiations, maximum and minimum val- 
js for the same 13 girls and 16 boys at 
‘Iocessive ages from 9 years to 15 years 
| presented in table 1. Curves drawn to 
‘> means for each arch-sex subgroup are 
jown in figure 1. The curves are ex- 
‘yded in each direction to cover the age 
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interval from age 8 to age 17 years. The 
additional points were obtained with the 
aid of width measurements for 12 girls 
and 16 boys at age 8 years; 12 girls and 
12 boys at age 16 years; 6 girls and 8 boys 
at age 17 years. The procedure used in 
determining these points can be illustrated 
as follows. Mean upper arch width at age 
15 years for the entire sample of 16 boys 
is 59.7 mm. Mean change for 12 of these 
boys between ages 15 and 16 years is 0.09 
mm. Combining these two figures gives 
a value of 59.8 mm, representing mean 
upper arch width at age 16 years. This 
method avoids the distortion of a mean 
trend that can result from utilizing an 
average for only a portion of the subjects. 

Selected findings from table 1 and fig- 
wine Jt guKee 

1. Boys show continuing increase in 
mean arch width over the age period stud- 
ied. The magnitude of the increase be- 
tween ages 9 and 15 years is 2.4 mm in 
the upper arch and 2.1 mm in the lower 
arch. For girls, the changes over the same 
period are 1.4 mm and 1.6 mm, with the 
curves leveling off at age 13 years, rather 
than showing a continued rise as for the 
boys. 

2. The mean curves for width of the 
two arches on children of a given sex are 
approximately parallel, the curve for the 
upper arch lying 3.3 to 3.7 mm above that 
for the lower arch throughout the period of 
ontogeny investigated. 

3. In the maxillary arch, the mean 
value for boys exceeds that for girls by 
3.6 mm at age 9 years and by 4.6 mm at 
age 15 years. Corresponding values in 
the mandibular arch are 3.8 mm and 4.3 
mm. Tests of significance yield t’s larger 
than 4.0 at all ages for both arches,’ allow- 
ing rejection of the hypothesis that these 
differences are due to chance variation in 
samples from the same population with 
respect to width of the dental arches. The 
minimum values for males lie near or 
above the mean values for the females, 
and the maximum values for the girls ap- 
proximate the mean values for boys. 


: nace BC? AB? 
2 4 
3 When t = 4.0, with 27 df, P < 0.01. 
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Central tendency and variability values for dental arch width (in millimeters) at successive 
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TABLE 1 


ages for 16 boys and 13 girls 


Mean Standard deviation Minimum Maximum 
ce Males Females Males Females Males Females Males Females 
years 
Upper arch 

9.0 ey hss) Bosh 2.03 PARAL 53.4 49.9 61.2 57.4 

9.5 57.6 54.0 1.79 PNA PA 55.0 49.9 61.2 57.4 
10.0 58.0 54.2 1.90 2.18 55.4 50.0 61.3 57.8 
10.5 eh 54.4 1.81 2.29 55.0 50.1 61.5 58.5 
11.0 58.5 54.7 1.86 2.26 Bow 50.5 61.4 58.9 
iLi less 58.6 54.8 1.90 PPM 59.9 50.1 61.9 58.8 
12.0 58.8 55.0 1.91 2.24 55.6 50.8 61.8 59.2 
13.0 59.0 55.2 1.80 2.19 55.6 52.0 61.8 59.4 
14.0 59.4 55.2 1.92 22 56.0 51.6 62.0 59.1 
15.0 59.7 Doel 1.93 2.28 56.1 toys be! 61.8 59.1 

Lower arch 

9.0 53.9 50.1 1.89 2.40 50.8 45.0 57.8 54.6 

9.5 54.2 50.4 Warhyt 2.39 52.0 45.1 58.0 54.0 
10.0 54.4 50.6 ey) 2.45 52.0 45.7 58.0 54.9 
10.5 54.7 iL 40) 1.48 2.48 52.9 46.5 are 55.4 
11.0 55k 5s 1.43 2.40 Dov 47.0 Diao Dose 
11.5 55.0 51.4 iltsts) 2.44 53.3 46.8 58.0 56.0 
12.0 55.4 toy URS) 1.49 2.44 53.6 47.2 58.2 56.0 
13.0 55.6 51.6 1.61 2.44 See 47.7 58.7 56.0 
14.0 55.8 tay le) 1.68 2.34 53.0 47.9 58.9 56.0 
15.0 56.0 tel lai 1.58 2.39 Da. 47.8 59.0 56.0 
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Fig. 1 Mean trends of maxillary and mandibular dental arch width at the permanent 


AGE 


IN YEARS 


first molars, based on data presented in tables 1, 2, and 3. 


4. The range of measurements of den- 
. arch width for the girls in this sample 
larger than for the boys. The standard 
viations reflect this larger dispersion. 
ists of the difference of the two estimates 
| population variance, yield F’s too small 
| reject the hypothesis that the samples 
jme from the same population, except 
|: three age groups with respect to man- 
jular width. Differences as large as 
yse obtained in lower arch variance of 
j2 two sexes at ages 10.5 years, 11 years, 
|d 12 years would occur in random sam- 
ing from the same population less than 
}> of the time. It should be noted that 
}2 tests at each age are made on the same 
jpups of children and, hence, are not 
(lependent. 
(Barrow and White (’52) measured den- 
| arch width at the first molar “where the 
jocal groove crosses the ridge into the 
jatral fossae.” They used 528 set of casts 
| 51 children and found mean decreases 
10. 4 mm in the upper arch and 0.9 mm 
ithe lower arch over the age period from 
| to 15 years. In the present study, over 
is same age period, mean increases are 
ind for both arches of both sexes. In 
|; upper dental arch, the increases are 


;) mm and 0.4 mm for boys and girls 
)pectively; corresponding values for the 
‘ver arch are 0.9 mm and 0.4mm. The 
> studies differ in method and popula- 
‘in sampled. The present one measures 
\Jth at the base of the first molar rather 
‘im at the occlusal surface and is made 
iy on subjects with acceptable occlu- 
in. 
eohen (40) measured dental casts on 
boys and 13 girls who had not received 
|\hodontic treatment. He found “the size 
‘ithe upper arch of the girls was slightly 
ger than that of the boys, but in the 
‘ver arch there is a more distinct differ- 
se” (p. 1257). Other studies have con- 
ently reported a sex difference in the 
lection of larger arches for the males. 
| the present study, the means of the 
‘bles exceed those of the females by simi- 
|} amounts (between 3 and 4 mm) in 
‘jh arches. 
Between ages 9.5 years and 13.5 years, 
fnen found an increase of approximately 
| mm in the upper arch, but essentially 
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no change in the lower arch. He meas- 
ured arch width between the mesiolingual 
cusps of the permanent first molars. In 
the present study, from age 9.5 years to 
13 years, the increase is 1.4 mm in both 
arches for the boys and 1.2 mm in both 
arches of the girls. 

Individual findings. The course of 
change in width of each arch is presented 
in table 2 for each of the 16 male sub- 
jects and in table 3 for each of the 13 fe- 
male subjects. The obtained widths at 
ages 9 and 15 years are listed, along with 
annual and composite changes over this 
period. Also included are values, where 
these are available, for the change be- 
tween 8 and 9 years and changes subse- 
quent to 15 years. 

From these tables, it may be noted that: 

1. Of the 58 changes for the age span 
from 9 years to 15 years, there are only 
two which show a decrease. The upper 
arch of one girl decreases 0.1 mm and the 
lower arch of one boy shows a loss of 0.5 
mm. The bulk of the changes (97% ) are 
in the direction of increase, ranging from 
0.1 mm to 4.7 mm. 

2. Eleven of the 16 boys show a greater 
increase in upper arch width than in lower 
width. The reverse tendency is found for 
girls: 10 of the 13 have a larger increase 
in mandibular arch width than in maxil- 
lary arch width. 

3. The period of largest annual change 
is modally 9 to 10 years in the upper arch 
and 10 to 11 years in the lower arch. For 
some individuals, however, the largest an- 
nual changes are found to occur after age 
12 years. 

4. Anincrease in average width is found 
between 8 years and 9 years, while mean 
annual changes after age 15 years are all 
small in amount, averaging only slightly 
above zero. 

Moorrees (759, pp. 214, 218) presents 
annual increments in arch width at the 
first permanent molar, though these in- 
crements are not on the same group of 
children at all ages. Measurements were 
made between the crown tips of the mesio- 
lingual cusps. The mean annual incre- 
ments obtained by Moorrees are smaller 
than those obtained here. The sum of 
mean changes over the 4-year period from 
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age 9 years to age 13 years is, from his 
data on the upper and lower arches re- 
spectively, 1.5 mm and 0.4 mm for boys, 
0.8 mm and 0.5 mm for girls. Comparable 
totals from the present study are 1.8 mm 
and 1.7 mm for boys, and 1.5 mm in both 
arches for girls. 

Longitudinal records of arch width at 
the permanent first molar, as derived from 
frontal and lateral roentgenograms, are 
presented by Woods (’50, pp. 688-689 ). 
For 12 boys and 12 girls, there are data at 
both age 9 years and 15 years. Averaging 
the changes for each group over this age 
period, increases in the upper arch are 1.4 
mm for boys and 1.1 mm for girls. In the 
lower arch, the mean changes are 0.7 mm 
for boys and —1.0 mm for girls. These 
changes are smaller than comparable val- 
ues given in tables 2 and 3, particularly 
in the lower arch. It may also be noted 
that, in the present study, 28 (97% ) of 
the 29 changes in lower dental arch width 
from 9 years to 15 years, are in the direc- 
tion of increase: in Woods’ group of 24 
subjects measured at both these ages, only 
8 (33% ) registered an increase, with the 
balance showing no change, or decreases 
up to 2.5 mm. 

Curves for width of the upper and lower 
arch were plotted for each of the 29 sub- 
jects. Study of the individual graphs re- 
vealed that although many curves were 
roughly similar to the pattern for the 
group, some curves showed little change 
and a few showed decrease. The curves 
do not fall into clearly discrete types, but 
a picture of variations may be given by 
dividing them into 4 groups. 

Group A. Curves similar to the mean 
trends: that is, an initial increase of 1 to 
3 mm, followed by a leveling off (no an- 


TABLE 4 


The number of individual dental arch width curves in each of 4 groups 


Males Females 
Group U 
pper Lower Both T 
arch arch arches eee po Bane 
A 10 10 20 8 9 ales 
B 5 3 8 0 (0) (@) 
Cc 10) 1 i 3 1 4 
D 1 2 3 22 3 5 
Total 16 16 32 ls} 13 26 
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nual increase after age 14 years as large 
as 0.5 mm). | 
Group B. Curves showing continued 
increase in width up to at least age 1q 
years, with the change between 14 and 
15 years of 0.5 mm or more. 
Group C. Curves showing an increase 
of at least 1 mm in width (1.4 to 2.1 mm} 
followed by a decrease of about 1 mnj 
(0.7 mm to 1.2 mm). | 
Group D. Curves showing 1 mm olf 
less total change over the full 6 years but} 
not falling in group C. | 
The frequencies for each curve, tabu}, 
lated with respect to sex and dental arch | 
are shown in table 4. 
Sixty-four per cent of the curves are irl! 
group A. The age at which the curves 
show a change in slope varies between 11} 
years and 14 years. Illustrations of this} 
most frequently observed pattern are 
shown in the left panel of figure 2 fo 
three subjects. 
Among the individual curves for boys 
there are 8 which show continued increas 
of at least 0.5 mm between ages 14 year’ 
and 15 years: 5 of the upper arch an 
three of the lower arch. Two of the grou 
B curves are shown for subject M51 i 
figure 2. None of the trends for girls fej 
into this grouping. | 
Four of the 26 curves for girls were : 
group C. Specifically, the upper arch widt 
curves for F41 and F47, and the upper an4 
lower arch width curves for F43 followe} 
this pattern (see fig. 2). The lower arc} 
of one boy is represented in this grou 
showing a decrease over the later years# 
The group (D) showing little chang 
over the entire 6-year period contains J 
curves (14% ). Only one individual (F32. 


a 
; | DENTAL ARCH WIDT 


9 10 TT 12 13 19 15 
AGE IN YEARS 
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9 10 I !2 13 14 15 
AGE IN YEARS 


Fig. 2 Individual trends for maxillary and mandibular dental arch width. The curves 


from top to bottom are cases from groups B, C, and D, respectively. 


iad this pattern in the width of both up- 
ver and lower dental arches. 

Coefficients of correlation were com- 
yuted: (1) between dental arch widths 
't 4 selected ages for each arch; (2) be- 
\ween width of a given arch at age 9 years 
ind the change in width of that arch from 
) years to 15 years; (3) between change 
‘in width from age 9 years to age 11 years 
ind change during the following 4 years; 
|4) between upper and lower dental arch 
lvidth at 4 ages; and (5) between changes 


| in the left panel are from group A, representative of over 60% of the curves. On the right, 
| 
| 
| 


from 9 years to 15 years in the upper arch 
and the lower arch. 

Because of the difference in range of 
values for the two sexes, the correlation 
coefficients were computed separately for 
the 16 boys and 13 girls. The obtained co- 
efficients for the same pair of variables 
were combined through use of Fisher’s 
transformation of r (Rosander, ’51, p. 611) 
to give a more reliable estimate of the 
relationship. The resulting values are 
given in table 5. 
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The correlation coefficients for width 
of a specified dental arch at different ages 
are high, ranging from 0.86 to 0.98. The 
magnitude of these coefficients is ex- 
plained by the very small changes with 
age relative to the variability of arch width 
at the initial ages. 

The correlation between increments 
from 9 to 11 years and the increments 
from 11 years to 15 years does not differ 
significantly from zero in either arch. Re- 
sults from correlating arch width at age 9 
years with the change over the subsequent 
6 years show no significant association 
between the variables in the upper arch. 
In the lower arch, the r of — 0.41 is sig- 
nificant at the 5% level of confidence. 

Visual examination of the 29 sets of 
curves for the two dental arches revealed 
a fairly close paralleling of the two curves 
for most subjects. The correlations at 
4 ages also indicate that a moderately 


TABLE 5 
Correlation coefficients of arch width and arch width changes 


Correlation between ages 


VIRGINIA B. KNOTT 


high relationship (1's = 0.85 to 0.90) ii 
maintained between the upper and lowe 
arch for this group of subjects. The co 
relation between change in the upper arc} 
width and change in lower arch widti} 
over the 6-year period is 0.73. | 

Meredith and Cox (’54) obtained 7’s q 
0.76 for 44 boys and 0.79 for 50 girl} 
between upper and lower arch width aj 
age 9 years. Comparable figures from thill 
study are 0.85 and 0.86. Smyth and Youn ! 
(32) found partial correlation coefficient ‘| 
with age constant, of 0.83 for boys any 
0.78 for girls between maxillary and ma | 
dibular width at the first permanent mol 

Individual differences between ! 
widths of the two arches (maxillary arc] 
width minus mandibular arch width) wer} 
distributed at 4 ages. The means an# 
ranges for these distributions are show1 
in table 6. For both sexes, the mean di 
ferences fall between 3.4 mm and 3.7 mr 


Width at: 
Change: 
Years 9 al 13 15 9-15 11-15 
Upper arch 
9 0.97 0.92 0.91 —0.15 
11 0.97 0.96 
13 0.98 
Change: 
9-11 0.21 
Lower arch 
9 0.96 0.92 0.86 —0.41 
11 0.96 0.91 
13 0.97 
Change: 
9-11 0.13 
Correlation between arches 
0.85 0.90 0.88 0.89 0.73 
TABLE 6 


Means and ranges (in millimeters) of upper arch width minus lower arch width 


a Mean Minimum Maximum | 
Males Females Males Females Males Females 

years 

9.0 3.4 3.6 ES cS 5.0 

11.0 3.4 3.4 2.9 1.6 5.8 oe | 
13.0 3.4 3.6 2.3 1.3 5.3 5.5 ll 
15.0 3.7 3.4 2.1 1.6 5.3 ee || 
SS — ee 
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TABLE 7 


Central tendency and variability values for dental arch depth (in millimeters) at successive 
ages for 16 boys and 18 girls 


ee Mean Standard deviation Minimum Maximum 
Males Females Males Females Males Females Males Females 
years 
Upper arch 
9.0 36.7 34.9 0.99 1.53 35.0 O25 38.2 37.2 
9.5 36.8 Bo 1.09 1.50 34.7 SPI) 38.2 SWies! 
10.0 36.7 BO.o ileal 1.44 34.3 32.8 38.2 37.1 
10.5 36.9 SO. iLei lies 1.52 34.6 32.6 38.6 37.6 
BO 37.1 35.1 eS a sy | 34.8 32.8 38.7 37.2 
Ltd fess 37.0 35.0 1.28 1.62 34.2 32.7 38.6 37.6 
12.0 36.7 34.9 too 1.69 33.7 32.8 38.2 37.8 
13.0 36.0 34.3 1.26 1.65 33.3 CRAG, Si.3 37.4 
14.0 35.6 33.7 1.36 OS 32.9 So Oia 36.8 
ifs) 30.2) 33.4 1.38 1.35 32.8 316 37.0 36.0 
Lower arch 

9.0 32.6 uly 1.64 1.24 29.2 29.6 34.8 Shay! 
9.5 S220 31.6 1.55 1.24 29.3 29.5 34.6 34.9 
10.0 32.5 31.4 1.60 1.26 28.8 29.2 34.7 34.7 
10.5 32.4 31.2 1.43 1.33 29.5 28.9 34.3 34.4 
11.0 O20 30.9 1.48 53 29.3 28.6 34.6 34.5 
11.5 32.0 30.4 1.63 1.59 28.6 28.1 34.5 34.4 
12.0 31.6 30.0 1.82 1.80 Qilel 27.4 34.3 35.0 
13.0 30.7 29.3 172 1253 26.5 27.3 33.7 33.9 
14.0 30.2 28.7 55 1.43 26.6 26.9 SPT 33.1 
15.0 29.9 28.5 1.62 1.34 25.7 26.8 32.3 32.6 


8 9 10 Wl 12 13 14 15 16 17 
AGE IN YEARS 


Fig. 3 Mean trends of maxillary and mandibular dental arch depth, based on data given 
in tables 6, 7, and 8. 
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(see also table 1). The spread of the 
differences is between 1.1 mm and 2.4 
mm on either side of these mean values. 
At age 15 years, for example, maxillary 
arch width exceeds mandibular arch width 
by 1.6 mm for one girl and by 5.6 mm for 
another. 


Depths of the upper and 
lower dental arches 

Group findings. The group statistics 
for maxillary and mandibular dental arch 
depth are shown in table 7. Figure 3 
portrays curves for each arch-sex subgroup 
drawn to the means from table 7. Follow- 
ing the method used with arch width, ex- 
tensions of the lines one year prior to age 
9 years and two years after age 15 years 
were made using changes over these in- 
tervals on portions of the total sample 
(see tables 8 and 9, columns 3, 11, and 12). 

With respect to the period between ages 
9 years and 15 years, table 7 and figure 3 
show: 

1. For boys, the means for maxillary 
arch depth increase slightly (0.4 mm) be- 
tween ages 9 and 11 years, then decrease 
1.9 mm between ages 11 and 15 years. 
In the male mandibular arch, there is 
slight decrease (0.3 mm) from 9 to 11 
years and more marked decrease (2.4 
mm) from 11 to 15 years. 

2. For girls, the maxillary arch depth 
means rise 0.4 mm between 9 and 10 
years, then fall 1.9 mm between 10 and 
15 years. In the mandibular arch, the 
means decline 3.2 mm from 9 to 15 years 
and yield a trend that is first concave and 
later convex to the chronologic base line. 

3. For this sample of subjects, the sex 
difference in mean upper arch depth 
varies between 1.4 mm (age 10 years) 
and 2.0 mm (age 11 years). In the lower 
arch, male means exceed corresponding 
female means by 0.9 mm (age 9 years) 
to 16 mm (age 11.5 years). Tests of 
significance of these differences allow re- 
jection of the hypothesis of random sam- 
pling from the same population at the 
1% level of confidence with respect to 
the upper arch depth at all ages. In the 
lower arch, tests of significance allow re- 
jection of the null hypothesis from age 
10 years through age 15 years at a level 
of confidence between 1 and 5%. 
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4. The difference in depth of the t 
dental arches increases with age. Fa} 
boys, the upper arch mean is larger thay 
the lower by 4.1 mm at age 9 years an) 
by 5.4 mm at age 15 years. For girls, th. 
mean difference increases from 3.2 my 
to 4.9 mm. 

Individual findings. 
list for each subject, maxillary and man 


Tables 8 and | : 


this age and age 15 years. ai. 
able, changes prior and subsequent tif 
these ages are included. From thes} 
tables, it will be seen: } | 

1. Fifty-five of the 58 changes (95% ff 
in dental arch depth over the 6-year perionl 
are decreases, ranging in amount fron li 
0.3 mm to 4.5 mm. One boy and twi 
girls register small (0.1 mm, 0.3 mm an 
0.5 mm) increases in depth in the uppe 
arch. : 

2. Twenty-five of the 29 _ subject# 
(86% ) show a larger decrease in thy) 
lower than in the upper arch depth. Th} 
range in difference of change of the twit 
arches in depth is from 
to 3.7 mm. 

3. Reflecting variation in the time oa 
replacement of posterior deciduous teetif 
by their permanent successors, the tim 
of greatest annual arch depth chang} 
(over 1.0 mm) varies from age 9 yea 
to after 14 years. 

4. The interval in which largest indi 
vidual decreases occur is earlier in thi 
mandibular arch than in the maxilla 
arch for 11 of the 13 girls (85%) 3b 


show a definitely earlier decrease in lowe | 
arch depth. 


with records after this age. 

Brown and Daugaard-Jensen (751) o 
a group of 24 subjects who had received 
no orthodontic treatment measured arc} | 
depth on casts made at an age in the earl 
twenties. This depth was compared t! 
depth on the earliest cast of the same subj 
jects showing erupted permanent teetlf 
from the first molar forward. They foun 
an average decrease of 1.6 mm in dept] 
of both the upper and lower arch. In th: 


#resent study, the decreases in arch depth 
j2tween the age at which all permanent 
eth are erupted anterior to the first per- 
jtanent molar and age 15 years are 1.4 
im for girls and 1.6 mm for boys in the 
}pper arch. Comparable decreases in lower 
icch are 2.0 mm and 1.9 mm, respectively. 
hus, most of the decrease to be expected 
|. arch depth seems to have occurred by 
ize 15 years. 
i Annual changes in depth of the two 
j2ntal arches are given by Moorrees (’59, 
4p. 201-202). It should be noted that these 
jlanges are on individual subjects but 
ve Same individuals are not included for 
very age interval. He reports the range, 
jandard deviation, and mean for 5 of 
ye intervals covered in this study. Total- 
wig the mean decreases from age 9 years 
4 age 14 years, as presented by him, yields 
ery small decreases in the upper and 
wer arches: 0.3 mm and 0.2 mm for 
ys and 0.8 mm and 0.7 mm for girls. 
hese decreases are smaller than those 
4x the period from 9 years to 14 years 
jj the present study: 1.2 mm and 2.3 mm 
|. the upper and lower arches on boys, 
jad 1.1 mm and 2.0 mm on girls. 
Moorrees (59, p. 91) states that “some 
nildren show an increase and others a 
#2crease in arch length, irrespective of the 
teach or amount of the mean change 
each age level. It is, therefore, hazard- 
ias to utilize the average annual changes 
4s a guide to predict individual growth 
watterns in arch length.” The present 
judy (strictly longitudinal and differing 
yymewhat in method) does not substan- 
jate this generalization at the older ages. 
in referring to tables 7 and 8, it will be 
‘oted that from about age 12 years, there 
a predominance of decrease for each 
i dividual as well as for the mean. For 
\cample, checking the individual changes 
wx lower arch depth from 12 to 13 years, 
10ws that all of the 29 subjects register 
|, decrease. Considering the total change 
. the two arches of each individual for 
ie three-year period from 12 years 
rough 15 years, in line with the direc- 
on of mean change, all subjects here 
now a decrease in depth. The amount 
? decrease varies from near zero to over 
.mm, averaging approximately 1.5 mm 
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for each arch of each sex. Thus, when 
depth is determined by methods and for 
children comparable to those used in this 
study, one would rarely expect an increase 
in depth over this three-year period around 
the time of eruption of the permanent 
bicuspids. 

Speck (’50) measured lower dental arch 
length on enlarged photographs of casts 
along a line determined by the contact 
areas of the teeth. The mean change in 
this length dimension, from mixed to per- 
manent dentition, was in the direction of 
decrease, though a small number regis- 
tered an increase. He adds, (p. 224) “A 
large majority of cases indicated a de- 
crease in the anteroposterior dimension of 
the arch during the transition from de- 
ciduous to mixed and from mixed to per- 
manent dentition when this was measured 
along the midline from the central incisors 
to a transverse line connecting the mesial 
contacts of the first permanent molars.” 
The data on this measurement of depth 
are not included in the study. 

Individual graphs were made for upper 
and lower dental arch depth. All curves 
depicted some decrease over the later 
years. To clarify variations on this pat- 
tern, the curves may be classified into 
three groups: 

Group R. Curves showing less than 
1.0 mm total change over the interval 
from 9 years to 15 years (0.5 mm to 
— 0.9 mm). 

The balance of the curves, all showing 
a total decrease of 1.0 mm or more, may 
be divided into: 

Group S. Curves with a downward 
trend beginning at age 9 years. 

Group T. Curves changing to a nega- 
tive slope subsequent to age 9 years. 

For each sex and arch, the number of 
curves in each group is shown in table 10. 

Less than 16% of the curves fall into 
group R. In upper arch depth, three boys 
and 4 girls show little total change (less 
than 1.0 mm) from age 9 years to age 15 
years. One boy (M51) falls in this group 
with respect to both the upper and lower 
arch. 

Nearly one-third of the curves show no 
increase in depth subsequent to age 9 
years, but rather a decrease from this age. 
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TABLE 10 
The number of individual dental arch depth curves in each of three groups 


Males Females 
Group Both Upper Lower Both 
yin pes arches arch arch arches 


if 


il 12 13 14 15 ul 12 13 14 i 
AGE IN YEARS AGE IN YEARS 

Fig. 4 Individual trends for maxillary and mandibular dental arch depth. The curves in 
the left panel are from group T, representative of over 50% of the curves. On the right, | 
from top to bottom are curves from group R (M51) and group S (F41, M28, M40). 


10 


cn 


jis group is comprised largely of curves 
jc the mandibular arch. 

| The balance of the curves (53% ) fall 
| group T: the decrease in depth begin- 
jng sometime after 9 years of age and 
|rying in amount between 1.0 mm and 
}) mm. 

| Illustrations of these individual varia- 
ns of change in depth of the dental 


jited: between dental arch depths at 4 
‘lected ages for each arch; between depth 
|} a given arch at age 9 years and the 
ange in depth of that arch from 9 years 
15 years; between upper and lower 


ee 


Jicients were calculated separately for 
jeles and females and then combined 


Bosented in table 11. 
The depth of a given dental arch corre- 
ted at different ages between 9 and 15 


). The correlation between depth at age 
years and change in depth over the next 
years does not differ significantly from 
jro for either arch. 

|For arch width, there was a significant 
\ysitive correlation between change in the 
0 arches from 9 years to 15 years. For 
“ch depth, the coefficient of 0.21 for 
jange of the two arches is too small to 


s| 
| 
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allow rejection of the hypothesis of zero 
correlation. 

Examining the association between 
depth of the maxillary dental arch and 
depth of the mandibular arch, gives co- 
efficients that increase from 0.63 at age 
9 years to 0.86 at age 15 years. The dif- 
ference between these terminal coefficients 
is significant at the 5% level of confi- 
dence. Smyth and Young (’32) found 
partial 7’s of 0.73 for boys and 0.72 for 
girls with age constant. 

While the difference between means 
for upper and lower dental arch width is 
found to remain constant (about 3.5 mm), 
there is an increase in the difference be- 
tween upper and lower depth. Mean dif- 
ferences (maxillary arch depth minus 
mandibular arch depth) and the ranges 
for differences in the depth of the two 
arches are given at 4 ages in table 12. 
The upper dental arch depth is seen to be 
relatively larger at age 15 years than at 
age 9 years by somewhat over 1.0 mm. 


Indices of the form of 
each dental arch 


It is apparent from the material pre- 
sented that the form of each dental arch 
changes between ages 9 years and 15 
years, increasing in width and decreas- 
ing in depth. From the pair of values on 
each arch at each age, the ratio of arch 
depth to arch width (times 100) was 
computed. 


TABLE 11 
Correlation coefficients of arch depth and arch depth change 


i 


Correlation between ages 


i th at: 
H) . Change: 
Years 9 il 13 15 9-15 
| Upper arch 
| 9 0.95 0.82 0.80 —0.12 
| alal 0.88 es 
0. 
| 13 
| Lower arch 
ih 9 0.88 0.87 0.86 —0.22 
i iil 0.92 0.88 
| 13 0.95 
! Correlation between arches 
0.63 0.69 0.82 0.86 0.21 


ee SS 
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Group findings. The mean, standard 
deviation and range at 10 ages are given 
in table 13 for the 4 arch-sex subgroups. 
Figure 5, presenting curves drawn to the 
4 series of means shows: 

1. At all ages, the maxillary dental 
arch is deeper relative to its width than 
the mandibular arch. 

2. The mean trends for the girls are 
slightly and consistently above correspond- 
ing curves for the boys. Chance variation 
in sample means drawn from the same 
population would yield differences as 
large as those obtained at ages 9 years 
through 10.5 years in the mandibular 
arch, less than 5 times in 100. However, 
at all later ages in the lower arch and for 


TABLE 12 
Means and ranges (in millimeters) of upper arch depth minus lower arch depth 
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all 10 age periods in the upper arch, thi 
differences between mean depth/lengt 
indices of the two sexes are such that th 
two sex groups could well have come from} 
the same population. 
3. During the 6-year period covered 
arch depth in percentage of arch wid | 
decreases roughly by 5 points in the maz} 
illary arch and 7 to 8 points in the mar 
dibular arch. | 
Goldstein and Stanton (’35) in a crog 
sectional study found a tendency for ar¢ 
depth to decrease in relation to arch wid i 
from ages two years to 9 years. The 
state (p. 371), “This phenomenon is e} 
pecially notable in the mandibular arc 
where the relative broadening is continu 


ye Mean Minimum Maximum | 
ge —_—_——_——— | 
Males Females Males Females Males Females 
years 
9.0 4.1 oe) 3.0 —0.6 6.0 5.0 
11.0 4.8 4.2 PIT E 0.9 6.5 BHA 
13.0 5a: 5.0 3.6 nT Leal (se) 
15.0 5.3 4.9 4.4 Se) Fok 7.4 
TABLE 13 


Central tendency and variability value for dental arch form (100 X depth/width) at 
successive ages for 16 boys and 13 girls 


ie Mean Standard deviation Minimum Maximum 
ge —————— 
Males Females Males Females Males Females Males Females 
years 
Upper arch 

9.0 64.3 65.0 3.00 3.65 59.3 58.8 ELS (P-A8) 

9.5 63.9 65.2 2.83 3.54 58.8 58.5 69.3 71.8 
10.0 63.4 65.2 Dei BYPASS 58.0 59.6 68.2 70.6 
10.5 63.5 64.8 2.82 3.43 58.5 58.8 68.8 70.4 
11.0 63.4 64.2 2.94 3.36 57.9 58.6 69.5 70.0 
11.5 63.2 64.0 2.90 3.60 57.4 58.0 68.0 69.7 
12:0 62.6 63.6 Ke yep) 3.64 56.4 57.8 68.2 70.6 
13.0 61.0 62.3 2.79 3.75 55.5 56.0 65.4 70.6 
14.0 59.9 Ol-3 2.81 3.62 54.7 56.0 64.9 69.3 
15.0 59.1 60.7 2.85 3.34 54.5 56.3 63.9 67.2 

Lower arch 

9.0 60.5 63.5 3.26 4.05 54.0 56.2 66.5 70.2 

9.5 60.0 62.8 2.91 3.92 54.2 55.6 66.0 69.6 
10.0 59.7 62.3 2.91 intl it Doe 55.0 65.7 69.0 
10.5 59.2 61.4 PHT AD 3.68 54.5 53.6 63.8 67.9 
11.0 Sout 60.4 2.69 3.59 53.0 53.3 64.8 67.9 
RS: 57.9 59.2 291 3.61 52.0 52.3 64.4 Gilat 
12:0 57.0 58.3 3.18 4.08 50.4 eyed 63.6 69.2 
13.0 Dose 56.9 3.16 3.88 48.5 50.7 62.1 66.9 
14.0 54.2 55.6 PHT 3.81 48.7 49.8 60.2 65.4 
15.0 53.4 55.3 2.74 3.74 46.9 49.6 58.1 64.6 


ARCH DEPTH 
ARCH WIDTH 
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table 13. 


i 
q 
) 
i 
j 
| 
| 
| 


us and proceeds at a greater rate than is 
pparent in the maxillary arch.” In the 
resent study, this relative broadening 
ymtinues from age 9 years through ado- 
#scence. 

Individual findings. The range of in- 
ividual change in form of the arches 
iver the 6-year period studied extends 
icom a decrease of one point (upper arch 
\£ F47) to a decrease of 12 points (lower 
irch of F41). 

! Twenty-seven of the 29 cases (93% ) 
jad a greater decrease in the lower index 
qan in the upper. 

Examples of variation in form and of 
ihange in form, as found in this group 
if children, are presented in figure 6. 
‘hese include the subject with the rela- 
ively deepest arch (F49) and the rela- 
vely widest arch (M10). 

Three subjects (F39, F41 and M40) 
howed an initial reversal of the relation 


AGE IN YEARS 
Fig. 5 Mean trends of maxillary and mandibular dental arch index, based on data in 


of the indices for the two arches; the 
graph of one of these is included. 

The individual curves for subject F10 
are similar in form to the pattern exhib- 
ited by the trend of the means (fig. 5). 

Table 14 presents coefficients of cor- 
relation for the indices, covering series of 
associations similar to those included 
under arch width and arch depth. 

Intercorrelations obtained for indices of 
a given arch between 4 ages are all above 
0.87. The correlation coefficients obtained 
for depth in percentage of width in the 
upper and in the lower arch increased 
from 0.66 at age 9 years to 0.84 at age 
15 years. 

The form of the lower arch at age 9 
years and change in the form of this arch 
over the following 6 years, yields a corre- 
lation significantly different from zero 
(r=-— 0.48). In other words, there is 
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| 

some tendency for mandibular arches arch index. In addition to correlation 
which have high indices at age 9 years shown in table 14, r’s were computed by 
to show greater decrease than the average tween width and depth for each arq| 
between 9 years and 15 years. separately at 4 ages. These coefficien. 
There is no relationship (r= 0.01) be- ranged from 0.00 to 0.27, indicating 
tween change in the index for the upper another approach, that dental arches fej 
arch during the 6-year period and the children with good occlusion, show co} 
change over the same period in the lower _ siderable variation in form. 


= 


DENTAL ARCH DEPTH , 
% DENTAL ARCH WIDTH 


72 ae ai 
F49 p 


aS 
52 IN 
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AGE IN YEARS AGE IN YEARS 
Fig. 6 Individual trends in maxillary and mandibular dental arch i 
; c ; : index. The left 
includes the subject with the relatively deepest arch (F49) and the subject with one 
tively widest arch (M10) on the same scale. On the right, the top set of curves (F10) fol- 
low the pattern for the mean trend lines: at the bottom, one subject (F39) shows a reversal 
of the relation of the trend lines in the two arches until age 14 years, 


at 
| 


) The average magnitude and the individ- 
jl variation in difference in the indices 
ir the two arches are shown in table 15. 
jae difference in the form of the two den- 
jl arches increases from ages 9 years to 
‘3 years. The girls show a wider spread 
| differences at all ages. For both sexes, 
je range of differences decreases with 
ise. 


SUMMARY 


H Group and individual trends for maxil- 
ry and mandibular dental arch width 
lid depth are presented for 29 children 
\ith satisfactory occlusion. 

| The subjects, 16 boys and 13 girls, are 
\hite children of American-born parents 
ledominantly of northwest European an- 
sstry and above average socio-economic 
atus. Sources for the dental arch meas- 
“ements are casts made for each subject 
»miannually between 9 years and 12 
xars of age, and annually thereafter 
rough at least 15 years of age. 
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TABLE 14 
Correlation coefficients for indices of form of the dental arches 
{ Correlation between ages 
| Index at: 
| Change: 
Years 9 ial 13 15 9-15 
Upper arch 
9 0.96 0.88 0.90 —0.35 
11 0.92 0.94 
13 0.95 
Lower arch 
9 0.88 0.89 0.87 — 0.48 
11 0.95 0.89 
13 0.95 
Correlation between arches 
0.66 0.72 0.80 0.84 0.01 
| TABLE 15 
Means and ranges of upper minus lower arch indices 
‘if Mean Minimum Maximum 
Age 
| Males Females Males Females Males Females 
i years 
| 9.0 3.8 1.6 HES —7.3 Leal 6.2 
i 11.0 4.7 3.8 0.6 —4.5 8.4 6.6 
| 13.0 iff 5.4 2.8 —2.7 8.5 10.8 
I 15.0 Da 5.4 3.4 Abel | 8.4 10.0 


Arch width measurements are made 
from specified landmarks on the buccal 
surfaces of the permanent first molars. 
Arch depth is derived from three marked 
points: the two used in measuring arch 
width and an anterior point between the 
permanent central incisors. The ratio of 
the depth of the arch to its width (multi- 
plied by 100) is computed to give indices 
of arch form. 

Group statistics for the dimensions and 
indices are given in the form of means, 
standard deviations and ranges at 10 
ages. For arch width and depth, individual 
findings are presented by means of annual 
changes for each subject and groupings 
of individual curves. Correlation coeffi- 
cients of magnitude and change in the di- 
mensions between ages and between max- 
illary and mandibular arches are included. 
Findings are compared to those of some 
previous investigations. 

Between 9 years and 15 years of age, 
maxillary and mandibular arch width 
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means increase over 2.0 mm for males 
and approximately 1.5 mm for females. 
Of the 58 individual curves for the two 
arches, over 60% show an increase over 
the first two to 5 years, followed by little 
or no change. Fourteen per cent of the 
curves show continued increase through 
at least 15 years of age, while an equal per- 
centage show a total change from 9 years 
to 15 years of less than 1.0 mm. About 
9% of the curves show some (near 1.0 
mm) decrease in width over the later years. 

There is a mean decrease in maxillary 
dental arch depth from 9 years to 15 years 
of 1.5 mm; this is composed of an increase 
of 0.4 mm to age 11 for males and age 10 
years for females, and a subsequent de- 
crease of 1.9 mm in each instance. The 
mean decrease in the mandibular arch 
depth is approximately 3.0 mm for both 
sexes. Between 12 years and 15 years, all 
individual curves on both arches show 
some decrease, ranging up to over 3.0 mm. 

Depth of the upper arch is about 65% 
of the width at age 9 years and around 
60% at age 15 years. In the lower arch, 
the change in the indices is somewhat 
greater. 
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Washington, D. C. 


Danforth and Trotter (’22) considered 
)70 grades of pilosity in which the chest 
tir was the criterion: grade 1, hair in the 
ymter of the chest or about the nipples; 
ade 2, considerable area of hair on the 
lest and breasts. Miller (’31) accounted 
r human hair patterning in general as 
| tendency imposed by primate heritage. 
upertuis, Atkinson and Elftman (’45) 
‘assified chest hair simply as sparse and 
jmspicuous. Because of the limited treat- 
ent, heretofore, of the distribution of 
ie hair of the chest, the present study was 
indertaken. 


METHOD 


} The subjects observed were stripped 
jen in the shower rooms of public swim- 
ting pools in and near the District of 
jlumbia. Selection was limited to adult, 
{2somorphic Caucasoids; but these were 
fken at random. 

{The chest hair distribution and abdomi- 
(1 hair pattern were determined without 
e awareness of the subject. The age was 
itimated in the same way or obtained 
irbally from the subject during a con- 
jrsation. These data were recorded im- 
jediately after their determination and 
ifore another subject was considered. 


RESULTS 


| 

\Ten different types of distribution of 
jest hair (figs. 1 and 2) were recognized 
| the basis of the specific part or parts 


tibed as follows: 

/1. Sternal. Hair on the center or the 
|wer part of the area occupied by the body 
| the sternum. 

\2. Infraclavicular. Hair on the area 
jmediately below the medial end of the 
ivicle and extending or not extending 
jerad therefrom. 


vir occurred.’ These types are briefly de- 
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3. Pectoral. Hair on the breast (in- 
cluding the area immediately around the 
areola). 

4. Pecto-sternal. Hair on the pectoral 
and the sternal regions with no line of 
demarcation between them. 

5. Pecto-infraclavicular. Hair on the 
pectoral, and infraclavicular areas, con- 
nected or not connected by a narrow strip 
of hair. 

6. Pecto-sterno-infraclavicular. Hair on 
the pectoral, sternal and infraclavicular re- 
gions with no line of demarcation between 
any two of them. 

7. Circumareolar. Hair limited to a 
small area immediately encircling the 
areola. 

8. Circumareolo-sternal. Hair on two 
separate areas, namely, circumareolar and 
sternal. 

9. Circumareolo-infraclavicular. Hair on 
two separate areas, namely circumareolar 
and infraclavicular. 

10. Circumareolo-sterno-infraclavicular. 
Hair distributed as in the circumareolo- 
infraclavicular, but with an extension of 
the hair into the sternal region with or 
without some demarcation. 

The first 6 of the types listed above may 
be called the pecto-sterno-infraclavicular 
series since they are distributed in all or 
some of the regions indicated. In addi- 
tion, the remaining 4 types may be termed 
the circumareolar series because they are 
found entirely or in part in the circumare- 
olar area. 

The age range and the frequency of oc- 
currence for each of the 10 patterns of 
chest hair distribution are summarized in 


1JIn forming a compound name, the name of 
the area that occurs on both the right and the left 
sides of the body is used for the first part of the 
word. When there are two unpaired areas, the 
one with the shorter name is placed in front of 
the one with the longer name. 
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Fig. 1 Types of distribution of chest hair (pecto-sterno-infraclavicular series). 1, Sterna]; 
2, infraclavicular; 3, pectoral; 4, pecto-sternal; 5, pecto-infraclavicular; 6, pecto-sterno- 
infraclavicular. 


Fig. 2 Types of distribution of chest hair (circumareolar series). 7, Circumareolar; 8, 
circumareolo-sternal; 9, circumareolo-infraclavicular; 10, circumareolo-sterno-infraclavicular. 


TABLE 1 
Age range and incidence of the different types of distribution of chest hair 


Type Age range Incidence 

year % 
Sternal 18-63 4 
Infraclavicular 25-301 1 
Pectoral 37-66 6 
Pecto-sternal 25-71 16 
Pecto-infraclavicular 29-45 1 
Pecto-sterno-infraclavicular 17-67 51 
Circumareolar 18-50 9 
Circumareolo-sternal 175 8 
Circumareolo-infraclavicular iL pee! 9 
Circumareolo-sterno-infraclavicular 21-22 1 


1 Age ranges were estimated. All age ranges are inclusive. 
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TABLE 2 
Correlation of kinds of chest hair patterns and types of abdominal hair patterns 
ij 
Horizontal Sagittal Acuminate Disperse 
Sternal — 1 12 — 
Infraclavicular — _ 92 1 
Pectoral — - 8 ek: 
Pecto-sternal — - 25 26 
Pecto-infraclavicular — - 2) 1 
Pecto-sterno-infraclavicular = _ 82 75 
Circumareolar 3 ~ 17 8 
Circumareolo-sternal 2 1 21 Pa 
Circumareolo-infraclavicular 2 — 4 1 
Circumareolo-sterno-infraclavicular = - 3 — 
Apilose 15} 3 i192 — 


ple 1. A total of 310 subjects with chest 
ir was observed. 

Dupertuis, Atkinson and Elftman (’45) 
ide known 4 types of abdominal hair 
i:terns: (1) horizontal, characterized by 
minating superiorly in the pubic region 
1a horizontal line; (2) sagittal, similar 
the horizontal, except for an additional 
2ar upward extension in the mid-line; 
}) acuminate, an upward triangular ex- 
sion pointing towards the umbilicus; 
/1 (4) disperse, hair distributed over the 
lomen without forming a discrete geo- 
trical pattern. 

Che relation of the kinds of chest hair 
‘terns to the types of abdominal hair 
terns is shown for 340 subjects in 
fle 2. 

SUMMARY 

}n addition to apilose chests, 10 differ- 
) types of distribution of chest hair exist 
adult, Caucasoid males. These types 


1 Age range for the 15 individuals of this combination is 24 through 65 years. 


pectoral, pecto-sternal, pecto-infraclavicu- 
lar, pecto-sterno-infraclavicular, circumar- 
eolar, circumareolo-sternal, circumareolo- 
infraclavicular and _ circumareolo-sterno- 
infraclavicular. 

The majority of the chest hair patterns 
is found in individuals of a wide age 
range. The same is true of apilosity of the 
chest. 

The pecto-sterno-infraclavicular type of 
chest hair distribution has an incidence of 
over 50%. All of the types are found to 
occur in combination with the acuminate 
type of abdominal hair pattern. 
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Vhildren in Hong Kong 


| The developmental status of the skel- 
jon as disclosed by an x-ray film of the 
ind and wrist, supplemented by signifi- 
\nt physical measurements, appear to be 
.e most useful and reliable procedure that 
} at present available for evaluating phys- 
al growth and development of children. 
mong the various methods so far devised 
r the assessment of skeletal maturation 
>ryor, 05; Rotch, 08, 09, 710; Rotch 
jid Smith, 10; Baldwin, ’21; Flory, ’36; 
ally, °37; Todd, 37; Greulich and Pyle, 
10, 758; Acheson, ’54), that of Todd and 
Ss associates, Greulich and Pyle, the so- 
(lled inspectional method, is still the most 
mmonly chosen. 

| In reviewing literature relevant to the 
Vowth and development of the Chinese, 
je note an absence of any reference to 
iceletal maturation in all of the past stud- 
}s (Crook, 08; Shirokogoroff and Apple- 
jn, ’24; Stevenson, ‘25; Keys and Cad- 
jury, 26; Appleton, 28). This is not 
jiurprising, however, because these studies 
tere made before the method of skeletal 
jaturation was standardized and intro- 
jiced by Todd and his colleagues. It is 
\ith the special interest of obtaining some 
jata on this aspect of growth and develop- 
jent of the Chinese that the present in- 
jpstigation has been carried out. 


5 


SUBJECTS AND METHOD 


| The subjects studied were selected from 
.e outpatient clinics of Kowloon and 
\wong Wah Hospitals in Hong Kong from 
1958 to 1960. All of them _ possessed 
l2althy past histories and examinations 
uvealed no gross defects physically and 
Lentally. They came to the clinics on 
count of mild illnesses. Date of birth, 
lace of birth and family financial status 
'ere recorded. The chronological ages 
ere calculated by counting back from the 
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dates they were examined to their birth- 
days which were obtained either from 
their parents or from their identity cards. 

A P-A roentgenogram of left hand and 
wrist, including the distal ends of radius 
and ulna, and the standing height and 
body weight of each child were made. The 
skeletal maturation was assessed by two 
observers by comparing the x-ray films 
of the hands carefully with the standards 
illustrated in both Todd’s Atlas (’37) and 
Greulich and Pyle’s Atlas (’50, 58). The 
roentgenograms were examined in a com- 
pletely random manner by the two ob- 
servers working independently. 

In order to compare the roentgenograms 
of our children with Todd’s standards 
which were obtained from boys of three 
months to 18 years and 9 months of age, 
and from girls of three months to 16 years 
and three months of age, we were obliged 
to limit our skeletal studies to the corre- 
sponding age groups, and this slightly re- 
duced the number at our disposal to 262 
children, consisting of 148 boys and 114 
girls. Our height and weight studies, how- 
ever, were extended to the age of 20 and 
a total of 151 boys and 136 girls were 
examined. 

The skeletal age was determined for 
each subject by the mean of the two 
assessments of the two observers. Com- 
parisons between Chinese and Cleveland 
boys and girls of the Brush Foundation 
were made and the variance analysis be- 
tween the two observers and the two at- 
lases has been calculated. 

The majority of the children in this 
study were born in Kwangtung Province 
and in Hong Kong, and more than half 
of them were brought up from families of 
rather poor circumstances which repre- 
sent unfortunately the majority of the 
Hong Kong population. 
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TABLE 1 
Average standing height (inches) 


Boys Girls 
veh A 
ale Chinen’ Foundation eon Chinese 
Study 
years no. years no. 
0 (0.64)! i. 24.93 = 0 (0.56)? 10 25.48 
1 GE25)) 10 29.10 — 1556) ie 30.89 
21162) 6 33.38 —— 2 (2.41) 6 30.17 
CL CSPAD 8 35.22 — 3 (3.47) 4 35.75 
4 (4.54) 8 38.72 = 4 (4.33) 5 38.55 
5 (5.65) 9 40.86 — by (G58) 7 40.43 
6 (6.66) 5 41.20 46.34 6 (6.55) 5 44.90 
7 (7.46) 10 45.93 48.74 7 (7.50) 13 44.58 
8 (8.58) 6 50.08 51.14 8 (8.37) 6 46.54 
9 (9.45) 11 49.89 53.00 9 (9.49) i 53.82 
10 (10.57) 6 51.54 5o.00 10 (10.44) 5 49.40 
tH (11.52) 13 53.56 57.44 Gl) 6 52.92 
DAKOTA) 10 58.23 59.61 12 (12.54) hi 57.82 
13 (13.62) 9 56.97 62.01 13 (13.28) 4 57.69 
14 (14.30) 6 60.21 64.88 14 (14.59) 8 59.44 
115) (15:61) 6 61.17 67.36 15 (15.43) 8 62.75 
16 (16.49) 5 63.30 68.98 16 (16.51) 6 62.21 
A7Cl7G9)) 7 65.14 69.57 17 (17.47) 11 63.27 
18 (18.47) 5 65.00 —_ 18 (18.69) 8 61.41 
19 (19.48) 4 64.69 — 19 (19.56) 3 61.23 


Cul) 346!2H 


0 2 4 6 8 10 12 14 16 18 20 
Chronological Age (Yr) 


Fig. 1 Standing height of boys and girls in relation to chronologi i 
; gical age. Heights of the 
Cleveland boys and girls of the Brush Foundation Study are shown for eae 


RESULTS 
Average standing height 


' The average standing heights of the 
ys and girls of our series at each age 
}om three months to 20 years are listed 
si table 1. The corresponding values of 
1e Cleveland children of the Brush Foun- 
gation Study are presented in the same 
j?ble for comparison. They are also shown 
“caphically in figure 1. 

From table 1 and figure 1, it is apparent 
jiat the average standing height of Chi- 
‘ese children in our series is significantly 


ys and girls are rather variable. Up to 
$5th year the difference between boys and 


Average weight 


+ The average body weights of the Chi- 
j2se children at each age from three 


jonths to 20 years and of the Cleveland 
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From both the table and the graph, it 
can be seen that the average weight of 
the children of our series is distinctly less 
than that of the Cleveland children in 
both sexes throughout all ages. The dif- 
ference increases as age advances. 

The average weight of the Cleveland 
girls exceeds that of the Cleveland boys 
during the period from 8 to 14 years of 
age. This feature is not demonstrated in 
our data which show dovetailing irregu- 
larities but on account of the small size 
of our samples, we are not in a position to 
make a definite statement. After the age 
of 16 the boys are heavier than the girls. 


Weight-height index 


The weight-height index, Weight in 
ounces/Height in inches, is a useful indi- 
cator of the nutritional status by a com- 
parison of the weight per unit of height. 
A comparison of the weight-height indices 
of Chinese and Cleveland children is 
shown in table 3. 

Whyte (718) found in his study that the 
weight-height index of the male Southern 
Chinese adults varied between 26-30 oz. 
per inch and that of adult females was 


TABLE 2 
Average body weight (lbs.) 


Boys 
a cue 
etoup Chinese Foundation 
Study 
years no 
(0.64)? 7 16.00 — 
125) 10 19.58 — 
(2.62) 6 26.67 —_ 
(3.32) 8 27.13 — 
(4.54) 8 33.50 — 
/ (5.65) 9 36.22 — 
| (6.66) 5 34.60 48.18 
(7.46) 10 46.20 54.12 
(8.58) 6 50.00 61.60 
1 (9.45) 11 51.09 68.20 
) (10.57) 6 59.67 76.78 
52) 13 62.38 85.36 
2.77) 10 75.80 95.04 
» (13.62) 9 77.78 105.38 
(14.30) 6 83.17 118.80 
(15.61) 6 90.00 132.00 
(16.49) 5 102.20 141.68 
(17.69) 7 105.14 147.18 
(18.47) 5 108.40 — 
(19.48) cat eo — 


Girls 
US 
2 u 
enn Chinese Foundation 
Study 
years no. 

0 (0.56)! 10 13.90 — 

1 (1.56) i 21.86 — 

2 (2.41) 6 23.67 — 

3 (3.47) 4 32.50 — 

4 (4.33) 5 33.40 = 

5iG@S:32)) vf 35.00 — 
6 (6.55) 5 44.20 48.18 
Te (CUES) 13 39.46 54.34 
8 (8.37) 6 42.58 61.82 
9 (9.49) 7 52.86 69.52 
10 (10.44) 5 52.40 77.88 
ital (Cala leyAs))) 6 64.00 88.22 
12 (12.54) 7 TST AL 100.32 
116} (CAIS}eXs})) 4 70.25 110.22 
14 (14.59) 8 81.63 119.90 
15 (15.43) 8 94.25 126.28 
16 (16.51) 6 93.33 129.58 
17 (17.47) 11 104.59 133.98 

18 (18.69) 8 96.13 — 

19 (19.56) 3 96.33 — 


1 The figures in parentheses are the mean chronological ages of the age groups of the present study. 


(a7) 1461aM 


0 2 4 6 8 10 12 14 16 18 20 


Chronological Age (Yr) 


Fig. 2 Body weight of boys and girls in relation to chronological age. Weights of Cleve- 
land boys and girls of the Brush Foundation Study are shown for comparison. 


TABLE 3 
Weight-height index 
Boys Girls 
Age Sie oe 
ee Chinese Foasdation Chinese Fowsdation 
Study Study 
years 

0 10.27 —_— 8.73 — 

1 10.77 — 11.32 — 

= 12.78 —_— 12.55 — 

3 12.32 — 14.55 —_ 

4 13.84 — 13.86 — 

5 14.18 —_— 13.85 — 
6 13.44 16.64 15.75 16.65 
7 16.09 PLT 14.16 17.84 
8 15.97 19.27 14.64 19.36 
9 16.38 20.47 T5571 20.88 
10 18.52 2213 16.97 22.45 
ial 18.63 23.78 19.35 24.27 
12 20.83 25.51 21.50 26.44 
v3 21.84 27.19 19.48 28.09 
14 22.10 29.30 21.97 29.91 
15 23.54 31.35 24.03 31.14 
16 25.83 32.86 24.00 31.82 
17 25.82 33.85 26.45 32.92 

18 26.68 — 25.05 ~= 


jt oz. per inch. Our findings for males 
aid females of 19 to 20 years old are 
9.12 and 25.17 oz. respectively. 

| By comparison with the Cleveland chil- 
ren, the weight-height indices of Chinese 
iildren of our series are less at every age. 
{his would appear to indicate that the 
jutritional status of the children of our 
‘ries is below par. 


Skeletal age 


Skeletal ages were assessed by compar- 
‘ig x-ray films of the hands and wrists 
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and Pyle’s standard by two observers H. 
and C., once for each subject. 

The mean estimated skeletal ages of 
Chinese boys and girls, together with their 
corresponding mean chronological ages 
are shown in table 4. 

The correlation between skeletal age 
and chronological age of Chinese boys was 
calculated and presented graphically in 
figure 3 by the regression equations Y = 
0.99X — 0.97 (by Greulich and Pyle’s 
standard) and Y = 1.01X — 0.99 (by Todd’s 
standard); and that of girls in figure 4 by 
the regression equations Y = 0.97X — 0.60 


ith both Todd’s standard and Greulich 


TABLE 4 
Mean chronological and skeletal ages of Chinese boys and girls 


Mean estimated skeletal ages (years) 


ge No. Mees Greulich and Pyle’s standard Todd’s standard 
P Bee Observer Observer Both Observer Observer Both 
H (@} Observers H Cc Observers 
vars years 
Boys 

)-1 7 0.64 0.65 0.62 0.63 0.64 0.64 0.64 

\-2 10 1.25) 1.08 tai 1.09 1.05 1.03 1.04 
2-3 5 2.58 2.30 2.40 Ad eYE 2.30 2.45 Pesestf 
34 8 3.32 2.33 2.39 2.36 2228 DAY | 2.29 
5 9 4.54 3.18 3.28 3.20 3.14 3.25 3.19 
5-6 9 5.65 3.83 4.19 4.01 4.10 4,25 4.17 
3-7 5 6.66 4.70 4.40 4.55 4.62 4.80 4.71 
7-8 10 7.46 6.18 6.30 6.24 6.43 6.60 6.51 
13—9 6 8.58 7.00 6.92 6.96 7.04 7.29 7.14 
})-10 ital 9.45 7.70 7.67 7.68 tite 7.93 7.85 
{)-11 uf 10.50 8.41 Sum 8.56 8.82 8.93 8.87 

1-12 13 11.52 9.82 10.13 9.97 10.29 10.27 10.28 

2-13 9 12.78 12'S 12.92 12.55 PAT Ps 1322 12.97 

3-14 10 13.62 12.59 12.53 12.56 12.66 12.88 Aare 

+15 6 14.30 13°33 13.42 13537 13.58 13.88 13.73 

3-16 6 15.61 15.18 14.92 15.05 15:35 15.33 15.34 
13-17 5 16.49 15.05 15.10 15.07 15.17 15:25 15.21 
17-18 of 17.69 17.68 17, val 17.69 17.61 17.86 17.73 
}3-19 5 18.47 Mieo2 17.45 iAoo 17.42 17.50 17.46 
otal 148 9.22 8.10 8.21 8.16 8.25 8.39 8.32 
/ Girls 
J-1 10 0.56 0.53 0.60 0.56 0.45 0.45 0.45 
1-2 7 1.56 1.54 1.58 1.56 1.36 1.33 1.34 
2-3 8 2.32 1.75 1.82 1.78 1.66 1.69 1.67 
34 5 3.41 2.42 2.42 2.42 2.20 PxpPas) 2:22 
4-5 6 4.44 3.01 3.13 3.07 3.33 3.54 3.43 
5-6 8 Bayete} 4.17 4.19 4.18 4,27 4.50 4.38 
13-7 5 6.55 5.57 5.65 5.61 5.87 5.90 5.88 
| 7-8 13 eo) 6.07 6.17 6.12 6.31 6.64 6.47 
3-9 6 8.37 6.86 6.92 6.89 6.92 7.04 6.98 
| 3-10 t 9.49 8.62 8.56 8.59 8.84 8.79 8.81 
\0-11 5 10.44 8.48 8.10 8.29 8.30 8.25 8.27 
i1—12 6 11.67 10.56 10.92 10.74 10.83 10.88 10.85 
/2-13 iL 12.54 12.46 IBA EAL 12.58 12.87 13.07 12.97 
/3-14 5 13327, 12.72 12.70 APASy (al 12.80 13.07 12.93 
/4—-15 9 14.63 13.38 13.42 13.40 13.47 13.47 13.47 
| 5-16 7 15.36 15.11 15.36 15.23 15.08 15.21 15.14 
}otal 114 7.75 6.88 6.95 6.92 6.97 7.08 7.03 
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(by Greulich and Pyle’s standard) and 
Y =0.99X — 0.65 (by Todd’s standard). 
The U.S.A. standard is included in the 
same figures for comparison. 

For the comparison of the skeletal ages 
of Chinese boys and girls, the regression 
line and equation for boys Y = 0.99X — 
0.97 and that for girls Y = 0.97X — 0.60 
are shown in figure 5. 

From the tables and graphs, it is clear 
that the skeletal ages of both Chinese boys 
and girls are less than that of the Cleve- 
land children at every age with a mean 
difference of 1.06 years with Greulich and 
Pyle’s standard, and 0.90 year with Todd’s 
standard, the average difference being 
therefore 0.98 year for the Chinese boys. 
In girls, the difference is 0.83 with Greu- 
lich and Pyle’s standard and 0.72 year 
with Todd’s standard, the average differ- 
ence being 0.78 year. Our finding shows, 
therefore, that the skeletal ages of the 


(JA) aby 1230184S 


Chronological Age (Yr) 


‘ Fig. 3 Correlation of the skeletal age with the chronological age of boys, based on Greu- 
lich and Pyle’s and Todd’s standards. U.S.A. standard is shown for comparison. 
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children of our series are “retarded” by} 
about 12 months in boys and 9 months in} 
girls as compared with the Americam}/ 
children. | 

From table 4, it can be noted that tho} 
data from the two observers and accord 
ing to the two atlases differ from each} 
other. However, variance analysis show} 
these differences to be more apparent tha 


real. 


DISCUSSION 


It will be both interesting and necessary} 
to compare the findings of our series witl 
those of previous investigators, which wij! 
present in tables 5 and 6, and graphicall@ 
in figures 6 and 7. As noted before, skellf} 
etal maturation has not been studied be} 
fore in the Chinese. 1| 

Crook’s samples (08) were boy stu 
dents of Queen’s College in Hong Kongij) 


Y =0.99 X - 0.97 


Y =1.01X- 0.99 


— Greulich & Pyle 


idging by the school they attended and 
ue results of their measurements, it is 
2asonable to presume that they came 
‘om homes of high socio-economic level. 
hirokogoroff and Appleton (’24) drew 
jneir samples from the general population 
f Chekiang, Fukien, Kiangsu, Shansi and 
#unan, i.e., South and Central China. The 
jart of Stevenson’s data (’25) relevant to 
jar study was collected from the general 
jopulation of South China, namely Kwang- 
ing, Fukien, Kwangsi, Yunan and Kwei- 
jaow, but mainly from Kwangtung. Keys 
ind Cadbury (’26) obtained their samples 
jcom the student body of the then Canton 
hristian College, later known as Lingnan 
jliddle School and Lingnan University, 
wangtung; they were sons of wealthy 
1erchants and a few were oversea Chi- 
ese. An examination of figures 6 and 7 
dows interestingly that the samples 
jrawn by these various workers agree in 
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Greulich and Pyle’s and Todd’s standards. 
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general with each other and that our sam- 
ples, though small and restricted, accord 
well with theirs. However, one feature 
worthy of note is that the usual secular 
trend in the gradual increase of stature, 
so commonly observed in most other coun- 
tries, is not indicated in our series in spite 
of a span of more than 30 years between 
these earlier works and our investigation. 
This would imply either that socio-eco- 
nomic conditions have shown no improve- 
ment or even deterioration for the major- 
ity of the population of Hong Kong or that 
our samples are not sufficiently represen- 
tative. Either or both could be the case, 
for while social betterment is generally 
apparent, it is suggestive that such a con- 
dition could not have reached as yet the 
majority of the teeming masses who con- 
gest Hong Kong to benefit their welfare 
in any significant manner; and on the 
other hand, it is admittedly true that our 
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Y Y = 0.97 X - 0.60 


Y =0,99X - 0.65 


—— Greulich & Pyle 
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Age (Yr) 


i i f the skeletal age with the chronological age of girls, based on the 
eae erie U.S.A. standard is shown for comparison. 
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sampling does not include a_ sufficient 
number of families which could be con- 
sidered as well-to-do. 

Compared with the Brush Foundation 
children, our data and those of others 
show a common feature of “retardation.” 
There would seem little doubt that this 
phenomenon is intimately related to the 
nutritional status and environmental con- 
ditions, whose significant effects on growth 
have been abundantly shown by various 
authors, such as Francis (39), Greulich 
(51, °57), Clements (’53) and many 
others and reviewed by Palmer and Ciocco 
(41), and Stuart (’46). Pertinent to our 
study in particular, especially revealing 
are the comparative studies of Southern 
Chinese in China and Southern Chinese 
immigrants into Hawaii and America with 
Hawaian-born and American-born South- 
ern Chinese (Appleton, 28; Lasker, ’46). 
To mention one obvious fact, polished rice, 


(4A) aby 1878184S 


te) 2 4 6 8 


Chronological Age (Yr) 


Fig. 5 Comparison of the skeletal age of boys with that of girls. Estimation by Greulich 


and Pyle’s standard. 
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Y=0.97X- 0.60 ¢ 


10 12 14 16 18 20 


which is less nutritious than bread, is the 
staple food of Southern Chinese, and com) 
pared with western peoples, Chinese con 
sume less milk as a supplementary food} 
In addition, the climate of South China i‘ 
warm and humid, and this is likely t 
effect or modify bodily dimensions anq| 
growth. In short, this general feature 03 
retardation may be regarded biologically 
as a phenotypical expression of ecologica, 
effects either in terms of frank conse: 
quence or as adaptive responses or modi 
cations. On the other hand, the operatior 
of these extrinsic factors cannot excludé 
the possibility, or indeed the importance} 
of the intrinsic genetic factors in the roleé 
they play in qualifying the pattern 0) 
growth and developmental potential, char 
acteristic of the population or what we 
would generally refer to as the “race.’ 
These and other aspects present interest 
ing problems which we intend to pursues, 
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Comparison of height and weight of Chinese girls of our series with those of previous investigator 


TABLE 6 


Height (in.) weight (lbs. ) 
ee ee ee ee ee 
i 5 > esent Shirok. and , Present 
Fea ae Stevenson, "25 aoe 760 iApeleton 724 ‘Stevenson, "25 study, 60 
No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean 
years 
0 — —_— 10 25.48 — — 10 13.9 
1 _- —_— 30:89 — — a 21.8 
2 — (Sy elenily/ — — 6 23.6 
3 202433.01 —_— 4 35.75 190 25.23 — za 32.5) 
4 16 35.98 —_— 5 38.95 16 29.55 —_— 5 33.4 
5 31 37.61 1 41.14 7 40.43 31 30.65 1 36.52 vs 35.00 
6 18 40.69 4 45.00 5 44.90 18 35.51 4 37.84 5 44.20) 
7 20 42.09 4 46.61 13 44.58 20 37.47 4 49.06 Ss 39.46) 
8 9 43.82 10 47.68 6 46.54 9 40.66 10 44.88 6 42.5 
9 18 45.66 6 49.68 7 53.82 18 44.95 6 48.40 Uf 52.8 
10 18 48.35 11 54.41 5 49.40 18 49.36 11 54.78 5 52.40) 
11 22 49.69 48 52.20 6 52.92 22 54.10 48 58.52 6 64.0 
12 22 53.40 60 53.86 1h wititeye 92) 61°65 59 66.44 7 Vek 
13 DP) lets PA7y 66 55.83 4 57.69 22 68.34 66 73.70 4 70.2 
14 Wh tear! 51 56.89 8 59.44 17 77.48 51 80.52 8 81.6 
15 11 59.22 SS Oo, 8 62.75 11 86.88 57 88.88 8 94.2 
16 11 58.92 56 58.19 6 62.21 11 91.63 55 90.42 6 93.3. 
9 6 59.95 57 60.00 Di 63:27 6 91.66 57 97.24 11 104.5 
18 5 58:13 41 59.68 8 61.41 5 91.40 41 99.44 8 96.12 
19 —_— 21 59.84 3 61.23 — 20 97.68 3 96.3 
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Fig. 6 Comparison of height of Southern Chinese children of previous studies with that 
of the present study. 
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Fig. 7 Comparison of weight of Southern Chinese children of previous studies with that 


of the present study. 


SUMMARY 


' The standing height and weight of 287 
\Chinese boys and girls from three months 
to 20 years old were taken, and among 
ithem, assessment of skeletal maturation 
'was made for 148 boys and 114 girls ac- 
\cording to Todd’s and Greulich and Pyle’s 
istandards, the boys’ ages ranging from 
‘three months to 18 years and 9 months, 
and the girls’ ages from three months to 
16 years. The findings of the present 
‘study have been compared with the pre- 
vious studies on the growth of the Chi- 
nese based on height and weight, and 
with those of the Brush Foundation Study. 
The standing heights, body weights, and 
the weight-height indices of the children 


of the present study are less at all ages 
than the Cleveland children; and the 
skeletal ages have been found to be de- 
layed by an average of 12 months in boys 
and 9 months in girls. The significance of 
these findings are briefly discussed. 
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Y The processes of human evolution are 
jotoriously resistant to controlled study. 
Wevertheless, it is possible to investigate 
jome aspects of these problems by appeal 
40 an appropriate experimental model. 
the justification for such animal investi- 
#ations is that ultimately all evolutionary 
processes express themselves in biologi- 
wally meaningful terms. It is precisely at 
his biological level that our current meth- 
‘dologies permit us to gather valid data, 
ivhich while perhaps not directly applica- 
jle to the human situation have at least 
jhe virtue of indirectly indicating general 
jaechanisms. 

The present paper deals with alterations 
‘n the skull concomitant with an alteration 
4f habitual body posture. We have previ- 
‘busly presented the theoretical basis for a 
junctional analysis of skull morphology 
}Moss and Young, 60). In essence this 
nalytic method is an extension of the 
uypothesis of van der Klaauw (’52) that 
he skull is composed of a series of inde- 
rendent functional components, whose 
ize, shape and spatial position have no 
necessary relationship to each other. This 
iypothesis has been repeatedly tested and 
|xperimentally verified in this laboratory 
‘a a number of experimental and clinical 
lituations (Moss, °55a, *55b, *56a, *56b, 
Bea 57b, 58a, “58b, “S8c, “59, “60; 
oung, *60); 

| The organs of equilibration (the so- 
‘alled otolith organs) are such a pair of 
‘unctional cephalic components. They 
-onsist of the sacculus, utriculus and three 
lemicircular canal ampullae, all supplied 
»y the vestibular division of the 8th cranial 
nerve. In all mammals, at least, these or- 
sans are enclosed within a bony otic cap- 
‘ule. In a manner to be described later, 
these organs are oriented in space in har- 
inony with the usual carriage of the head. 


Rotation of the Otic Capsule in Bipedal Rats’ 


Department of Anatomy, College of Physicians and Surgeons, 
Columbia University, New York 


lai, al 
Note the large fissures between the two globu- 


Basal view of a boiled adult rat skull. 


lar otic capsules and the median skull base. 
These capsules may be easily removed from the 
skull by simple forceps pressure, there being no 
synostosis between them and their adjacent 
bones. 


It was deemed of interest to determine 
(a) whether the spatial position of the 
otic capsules was necessarily related to 
adjacent cephalic structures, and (b) 
whether these organs are capable of spa- 
tial adjustment to experimentally pro- 
duced changes in head carriage. 

The rat furnishes an ideal test animal. 
Circumnatal amputation of the forelimbs 
has successfully produced what are in es- 
sence “bipedal rats,” i.e., rats whose habit- 
ual mode of kinetic and static posture is 
permanently altered (Colton, ‘29; Pratt, 
"43; Goff and Landmesser, 757). In addi- 
tion the otic capsule of the rat, at all ages, 
is totally free of (i.e., without synostosis 
to) its adjacent bones, being separated 
from them by a relatively thick layer of 
connective tissue (fig. 1). 

1 Aided, in part, by grants B-965(C5), and 
A-1930(C1) from the National Institutes of 
Health. 
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MATERIALS AND METHODS 


Forty Long-Evans rats, three days of 
age, were divided equally into two experi- 
mental groups. Limb amputation was per- 
formed by tying 00 black suture silk about 
the free end of either the fore or hind limb 
pairs (20 rats each) as close to the body 
as possible. This was invariably followed 
by a dry gangrene, whose clinical course 
was the shriveling of the limb and its self- 
amputation in about 5 or 6 days. Sacrifice 
occurred on the 90 day of life. Previous 
work in this laboratory provided 20 control 
skeletons and skulls of 90-day rats. 

Following sacrifice the heads were de- 
capitated, boiled, bleached and dried. Each 
skull was x-rayed in a true lateral position 
with a Picker portable machine (10 ma, 50 
KVP, 1 sec., Kodak no-screen film, card- 
board cassette). From these films (fig. 2) 
tracings were made of: (1) the cerebral 
surface of the skull base, (2) the cribri- 
form plate, (3) the outline of the otic cap- 
sule, (4) the ectocranial calvarial outline 
and (5) the nasal surface of the hard pal- 
ate (fig) 93). 

Two types of registration were employed 
using as a reference plane: (1) the cere- 
bral surface of the skull base (fig. 4), or 
(2) the outline of the otic capsule (fig. 3). 
With the first registration method the fol- 
lowing angles were determined: (a) crib- 
riform angle, (b) palatal angle, (c) the 
angle of the foramen magnum and (d) the 
angle between the horizontal interparietal 
bone and the vertical occipital squama 
(the interparietal angle of Young, ‘60) 
(see: Moss, 58a). Using both methods of 
registration the general lateral contours 
of the skulls were traced on a master 
sheet. Using a mean calvarial contour, as 
determined by visual inspection, and the 


Fig. 2 Lateral x-ray of a prepared rat skull. 
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calculated mean values of the individu) 
angles, modal tracings of the three grou) 
were prepared. These in turn, were cor 
pared by both registration methods. i 

Finally, both the pectoral and _ pelvi) 
girdles of all animals were recovered ar 
compared with controls. | i 


RESULTS 


Gross behavior. Amputation of eithwh 
pair of limbs did not result in any undug@ 
litter loss. The mothers accepted the off 
erated young, who nursed well, grew nc# 
mally and weaned at a normal age. Pa 
ture was altered in all cases. The anima 
never became bipedal in the exact sens 
that is, they never walked erect on t 
limbs at all times. The normal rat will fr 
quently stand erect on his hind limbs f# 
brief intervals. However, in all cases tl® 
quadrupedal gait of the animals was sex) 
ously disturbed. Since these animals wei 
operated on at an age before walking, p 
se, was an established activity, they 
not have to readjust their mode of loco 
tion, but rather learn to move in the fa’ 
of certain produced anatomical handica 

Limb removal. These animals wh 
forelimbs were removed did not differ 
their locomotion or stance from the c 
scriptions of Pratt (43). Their ability 
jump and to balance was unimpaired. B 
types of operated animals, however, 
evidence a certain sort of anatomical 
covery. That is, the embedded proxi 
portions of the limbs, which were un: 
fected by the ligative procedures, cciif 
tinued to grow in length. As a result 4§ 
of the amputated animals eventually pi 
duced stumps of some size which t 
could and did use for a sort of quadrupec 
locomotion. Nevertheless, bipedal postug@ 


Compare with figure 3. 


nd motion were more frequently observed 
j2an in controls. 

(| In this upright posture one gained an 
impression which was difficult to objectify; 
nat there was some sort of flexure or 
lyphosis of the skull relative to the now 
\pright vertebral column. 

| No changes were noted in the form (ie., 
ize and shape) of either limb girdle. 
Animals whose hind limbs were re- 
joved represented another picture. They 
ost certainly did not walk about on their 
atact forelimbs. Neither did they seem 
ble to use their hind limb stumps as satis- 
jactory substitutes. Their gait was not 
jniform and seemed to consist in a series 
if short pushes or hops. The most notice- 
ible thing about them was, among other 
ings, apparent accentuation of their cer- 
Lical vertebral curvature. The sum of 
he changes was an upward rotation of 


ye skull. 

« X-ray studies. The reality of the sub- 
‘ctively noted alterations in head position 
yere objectively established in the lateral 
Bray films. The essence of these changes 
ire shown in figures 3 and 4. With the 
jean tracings of each group registered on 
ne virtually identical otic capsule out- 
gnes, both experimental groups demon- 
i-rated that the spatial position of the skull 
{s a whole altered relative to a fixed otic 
‘fapsule. It is important to note that the 
jatire occipital-interparietal bone complex 
»emained fixed relative to the otic capsule. 
fa word calvarial rotation occurred at 
syme point anterior to the anterior lamb- 
oidal suture. With a more erect posture, 
is in fore-limb removal, the skull as a 
‘hole rotated down and forward and be- 
ume flatter. With the hindlimbs removed 
ine reverse occurred; an upward and back- 
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Fig. 4 Tracing of lateral skull x-rays oriented 
on the cerebral surface of the skull base. Note 
the change in position of the otic capsules in 
the experimental groups. 


ward rotation and a more curved calvarial 
outline resulted. Figure 3 is a static pres- 
entation of the final position of the head 
in space, with the otic capsule and its en- 
closed semicircular canals held in a con- 
stant plane of space. The dynamic process 
by which this was attained is more clearly 
shown in figure 4. Here, with the otic 
capsules of each group registered on the 
reference plane of the cerebral surface of 
the skull base, we note that it was the otic 
capsules which rotated. We shall show 
below that this motion is not apparent but 
actual. 

With the exception of the alteration of 
calvarial outline mentioned above, the 
measured cranial angles of all groups were 
normal. Their mean values did not differ 
significantly from those previously re- 
ported (Moss, 58a; Young, 60). 


DISCUSSION 

The removal of limb pairs is capable of 
altering the customary head position of 
the rat to such a degree that compensatory 
rotation of the otic capsule occurs. These 
data strongly suggest, if they do not defi- 
nitely establish, that the otic capsule has 
no necessary spatial relation to adjacent 
cranial structures. The apparent excep- 


tion of the occipito-interparietal complex 
will be discussed below. 


Fig. 3. Tracing of lateral skull x-rays oriented on the outlines of the otic capsules. The 
mean tracings of the control and of the two experimental groups are shown. 
constancy of the posterior cranial contour in the face of marked anterior motion in the 


Observe the 
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Physiology of balance. The significance 
of otic capsule rotation is made clear by a 
brief review of the physiology of balance. 
Posture is reflexly maintained on an affer- 
ent neural background from two main 
sources; the otic labyrinths and muscle 
proprioceptors. The labyrinth arises phy- 
logenetically from the posterior portion of 
the primitive auditory sac, the anterior be- 
ing modified into the auditory cochlea. 
This posterior portion is differentiated into 
the sacculus and the utricle which com- 
prise the vestibule and the three semi- 
circular canals. The vestibule represents 
the otolith organ found in all animals. 

In mammals the hollow bony labyrinth 
contains within it a membranous laby- 
rinth. Perilymphatic fluid separates the 
membranous from the bony layer, while 
endolymph fills the hollow membranous 
tube. In both the sacculus and _ utricle 
there are oval areas of thickened epithe- 
lium termed maculae acusticae which are 
special receptor organs. These maculae 
are composed of two types of modified 
epithelium, sustentacular cells and hair 
cells. The hair cells penetrate a tissue 
termed the otolithic membrane composed 
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of a gelatinous substance in which | 
found numerous minute crystalline bodisg) 
of calcium carbonate, the otoconia or ott | 
liths. The hair cells are intimately relate) 
to fibers of the vestibular division of 4 | 
8th (auditory) cranial nerve. i | 

There is general agreement that the 
otolith organs, and that the utricle in pa 
ticular, are chiefly concerned with stat@ 
position of the head and with linear au 
celeration while the semicircular canaig) 
are responsive to kinetic movements, chié d 
ly rotations. | 

The function of the macula is shown i) 
figure 5. Presumably the hair cells 
ceive their minimal stimulation when a 
otolithic membrane is vertically above tll} 
macula. Any deviation from this postul® 
produces a tension on the hair cells ang 
triggers a firing of the associated neurom#! 
In normal head posture the mammaliah: 
utricle is horizontal with its otolithic meni 
brane above. Unlike stretch al 


muscles and tendons, this discharge show 
little adaptation, that is, the nerve fibeij 
will continue to be stimulated as long 
the head is in this aberrant position. 


B 


Fig. 5 Representation of macula function. The thickened epithelium of the macula is ff 


shown with hair cells connecting it to the otolithic membrane. 


The neurons represent the 


vestibular division of the 8th cranial nerve. Position (A) probably represents the position 
of maximal stimulation, while (C) is a position of minimal stimulation. The arrow repre- | | 


sents the direction of gravity. After C. L. Evans (749) Principles of Human Physiology, 10th i | 


ed. Lea and Febiger, Philadelphia. 


4, Seemingly the operated animals are un- 
ble to completely compensate for the al- 
{pration in habitual head position through 
{hanges in the angulation of the cervical 
yertebrae. Since we do not understand 
ye ultimate mechanisms involved, the 
fest we Can Say at present is that the rat 
tic capsule is capable of rotation rela- 
‘ve to the adjacent cranial structures in 
\yhatever direction necessary to permit the 
#tolith organs to regain a more nearly 
formal orientation in space and so elim- 
jiate the constant afferent neural inflow. 

' Posterior cerebral fossa rotation. The 
onstancy of the spatial alteration of the 
jones forming the posterior cerebral fossa 
vith those of the otic capsule is easily 
ixplained. We have previously demon- 
dcrated that the cranial bones cannot prop- 
wtly be considered as existing alone, but 
faust be reviewed as existing within a 
en matrix together with the dura 
jiater with which they form a functional 
it, a concept first proposed by Deggler 
m41) (see: Moss, *56a, ’57a,b, 58a, ’58b, 
4°. The rodent tentorium cerebelli, a 
jrongly organized tract of dural fibers, 
§cises bilaterally from the otic capsules 
jad sweeps upwards to gain endocranial 
jilvarial attachment beneath the inter- 
jarietal bone (see Moss, ’58a for full de- 
vils). This upper attachment point is 
foparently where the currently observed 
jilvarial outline changes occurred. Ap- 
jarently none of the changes produced in 
jiese experiments were capable of alter- 
jig the nature of the tentorium. There- 
bre, the alteration of the post-tentorial 
nes became mechanically obligatory 
‘ith the changes in the basal attachment 
|bints. The correctness of this view is 
(ipported by the observation that both 
jatural and artificial deformation of ho- 
(ologous calvarial areas in man produces 
{echanically obligatory rotations of the 
ic capsule (Moss, ’58c, ’59). 

| Finally it must be remembered that in 
'e rat there are definite alterations of 
/anial form with age. The neonatal rat 


cial skull is strongly flexed ventrally 
lative to the neural skull (i.e., is klin- 
thynchal). With age the entire facial 
lull rotates upwards until it comes to lie 
terior to the neural skull and virtually 
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in the same plane (Moss, 58a). Our pres- 
ent data make it appear that in rats with 
the forelimbs removed this process is ac- 
centuated while it is retarded in those 
with their hind limbs removed. Seem- 
ingly head carriage plays some role in the 
mutual adjustment of these two portions 
of the head. 

Anthropological considerations. An en- 
tire school of mammalian craniology has 
recently arisen based upon the orientation 
of the otic capsules, with particular em- 
phasis on the semicircular canals (see 
Delattre and Fenart, 58 for a comprehen- 
Sive review and a complete literature cita- 
tion up to that date). 

In essence their methodology stipulates 
a constant plane of orientation of the 
horizontal semicircular canals. It is upon 
this plane that all skulls are registered 
for both comparative, phylogenetic and 
ontogenetic studies. One application of 
this method is shown in figure 6. 

All of their publications have been theo- 
retically analytic in nature, and indeed 
furnished the initial stimulus for the pres- 
ent investigation. We believe that our 
present data furnish the first experimental 
proof in support of their hypothesis, de- 
spite the fact that we did not study the 
semicircular canals, per se. It is impor- 
tant to note that the form of the labyrinth 
is homologous throughout the majority 
of the vertebrate series. This being so 
these rodent data appear to have some 
significance for man. We shall not delve 
in this discussion into the problems asso- 
ciated with the acquisition of upright pos- 
ture in man. It seems sufficient to note 
that whatever genetic and/or environ- 
mental changes tended to bring about the 
necessary alterations of the pelvic girdle, 
vertebral column, lower limbs and occip- 
ito-atlanteal articulation, we need not pos- 
tulate a similar mechanism for alteration 
in habitual head posture. Seemingly the 
otic capsules, which are relatively “free” 
of their surrounding bones during the 
first few postnatal years would be capable 
of rotating and reorienting themselves in 
a mechanically obligatory fashion when 
and if the animals habitually stood erect 
(see Delattre and Fenart, 59, for details 
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Fig. 6 An illustration of the use of the vestibular method of orientation in cranial stud- 
ies. This figure illustrates the ontogenesis of the gorilla skull, registered on the axes of the 
After Delattre and Fenart (58). 


horizontal and vertical semicircular canals. 


of ontogenetic spatial alterations of the 
human petrous bone). 

What other series of morphological al- 
terations in the body might also passively 
(i.e., obligatorily) follow some primary 
mutational change or changes are un- 
known at present. This problem, how- 
ever, is capable of appropriate experi- 
mental analysis. Along these lines we 
might just add that the lack of change in 
the limb girdles observed in the present 
experimental conditions demonstrates that 
continued activity of functionally asso- 
ciated muscles, rather than total limb 
function is necessary for the formation 
and retention of their adult osseous mor- 
phology. 


SUMMARY 


Ligative amputation of either fore- or 
hind-limb pairs were performed on neo- 
natal rats. This was followed by changes 


in both habitual body and head positi 
as well as by changes in cranial morp 
ogy. The cranial changes consisted 
(1) either accentuation (forelimb 
moval) or retardation (hindlimb remov 
of the usual extent of splanchnocran 
rotation relative to the neural skull 
of (2) rotation of the otic capsules 
its functionally related posterior cere 
fossa. The physiologic basis for such 
capsule movements were shown to be 
marily related to the need for reorie 
tion of the utricular maculae. This ded 
onstration of the spatial independence/{ 
the otic capsules from adjacent crar§ 
bones was held to support the hypothe# 
of Delattre and Fenart. The mech 
ically obligatory nature of this rotation) 
a result of altered posture was discuss 
in the context of the acquisition of hum 
upright posture. 


OTIC CAPSULE ROTATION 


LITERATURE CITED 


solton, S. H. 1929 How bipedal habit affects 
the bones of the hind legs of the albino rat. 
exp. ZO0l, O34 1 —1ie 

{Deggler, C. 1941 Beitrag zur 

| Architektur des fetalen 


Kenntnis der 
Schadels. Z. Anat. 
| Entwicklungsgesch., 111: 470-489. 

jDelattre, A.. and R. Fenart 1958 La méthode 
| vestibulaire. Z. Morph. Anthrop., 49: 90-114. 
1959 Remarques sur la morphogenése 
des orifices de la face retro-tentoriale de l’os 
petroux humain. Bull. Soc. d’Anthrop., 10: 
326-356. 
{soff, C. W., and W. Landmesser 1957 Bipedal 
rats and mice: laboratory animals for ortho- 
pedic research. J. Bone Jt. Surg., 39A: 616-622. 
gVMlioss, M. L. 1955a Morphological changes in 
| the growing rat skull following the administra- 
tion of cortisone acetate. Proc. Soc. Exp. Biol. 
Med., 89: 648-650. 


1955b Correlation of cranial base an- 


gulation with cephalic malformations and 
growth dysharmonies of dental interest. N. Y. 
i: State Dent. J., 21: 452-454. 


: -— 


1956a Malformations of the skull base 
associated with cleft palate deformity. Plast. 
Reconstr. Surg., 17: 226-234. 


1956b Growth of certain human fetal 
cranial bones. Am. J. Anat., 98: 191-204. 


co. 


et 


307 


1957a Experimental alteration of su- 
tural area morphology. Anat. Rec., 127: 569— 
590. 

1957b Premature synostosis of the 
frontal suture in the cleft palate skull. Plast. 

Reconstr. Surg., 20: 199-205. 

1958a_ Rotations of the cranial compo- 
nents in the growing rat skull and their experi- 

mental alteration. Acta Anat., 32: 65-86. 

1958b Fusion of the frontal suture in 
the rat. Am. J. Anat., 102: 141-166. 

1958c The pathogenesis of artificial 
cranial deformation. Am. J. Phys. Anthrop., 
16: 269-286. 

1959 The pathogenesis of premature 
cranial synostosis in man. Acta Anat., 37: 
351-370. 

— 1960 Inhibition and stimulation of su- 
tural fusion in the rat calvaria. Anat. Rec., 
136: 457-568. 

Moss, M. L., and R. W. Young 1960 A func- 
tional approach to craniology. Am. J. Phys. 
Anthrop., 18: 281-292. 

Pratt, L. W. 1943 Behavior of bipedal rats. 
Bull. Johns Hopkins Hosp., 72: 265-273. 
van der Klaauw, C. J. Size and position of the 
functional components of the skull. Arch. 

Neerl. Zool., 8: 1-559. 

Young, R. W. 1960 The influence of cranial 
contents on postnatal growth of the skull in 
the rat. Am. J. Anat., 105: 383-415. 


_Gorilla gorilla beringei) 


| W. K. CHAGULA 


-he Liver of the Mountain Gorilla 


Makerere College Medical School, Kampala, Uganda 


) Much that has been written on the go- 
jlla liver has been on the liver of the low- 
ind gorilla, Gorilla gorilla (Elftman and 
Jtkinson, 50; Steiner, 54; Raven, °50). 
she only paper on the liver of the moun- 
uin gorilla in the literature is that of All- 
jcook, Galloway and Wilson (59). This 
gaper, however, is of no value since post 
jiortem changes were well advanced by 
jie time the liver and all the internal or- 
gans were removed for study. In that 
saper, in addition, the morphology of the 
‘ver was not described at all. 

5 Regarding the microscopic appearance 
ff the liver and other organs in apes, 
traus (’36) appropriately stated that “the 
inthropoid apes have not found their way 
jnder the microscope, except on relatively 
are occasions.” Three of these occasions 
*ere relatively recently when Straus (750) 
fescribed the microscopic anatomy of the 
7 of a young adult female lowland go- 


lla; when Rasmussen and Rasmussen 
(52) described the microscopic anatomy 
f° the pituitary of a lowland gorilla, and 
then Steiner (754) described the histology 
i the liver and other organs in a 22-year- 
d lowland gorilla. 

§ Studies on the microscopic anatomy of 
jie mountain gorilla, on the other hand, 
§ce even more difficult to find in the liter- 
s-ure. In the paper by Allbrook et al. (59), 
sie authors stated that the post mortem 
langes in all the organs and tissues of 
.e gorilla were “much too advanced for 
ay worthwhile studies on the tissue cy- 
logy.” 

In view of the almost complete absence 
* both macroscopic and microscopic ana- 
jmical studies of the mountain gorilla in 
ie world literature, the present study is 
erefore regarded as a beginning in the 
yllection of both morphological and histo- 
‘gical data on the mountain gorilla. The 
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results of this study will be compared with 
those obtained from the study of the liver 
of the lowland gorilla in the literature. 

A brief comparison of the morphology 
as well as the histology of the liver of the 
mountain gorilla with that of Man will 
also be made in this paper. 


MATERIAL AND METHODS 


The mountain gorilla whose liver is the 
subject of this paper, was found dead near 
Kisoro in Uganda on a Tuesday. The Dis- 
trict Veterinary Officer had fortunately 
been following its movements for several 
days before it died. Therefore the post 
mortem changes in this gorilla, when it 
was found dead, were not as advanced as 
in the mountain gorilla described by All- 
brook et al. (59). 

The Veterinary Officer was able to re- 
move most of the internal organs (includ- 
ing the entire liver) which were immedi- 
ately placed in a mixture of formalin and 
ethyl alcohol. 

On the following Friday, specimens (for 
histological study) were removed from as 
many of the viscera as could be found. 
These specimens, including that from the 
liver, were transferred to a 10% formal 
saline solution. 

The liver was first weighed and then its 
vertical and transverse measurements 
were obtained. Two line drawings of the 
liver, showing both anterior and visceral 
surfaces, were then made mainly to show 
the main fissures and lobules. 

The morphology of the liver was de- 
scribed following the terminology used by 
Elftman and Atkinson (’50). For the his- 
tological study, following fixation in 10% 
formal saline for 48 hours, the liver speci- 
mens were dehydrated through a graded 
series of alcohols, cleared in xylol and 
finally embedded in paraffin-wax. Sections 
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10 u thick were cut, deparaffinized in xylol 
and stained with hematoxylin and eosin. 
Some of the sections were stained by the 
Masson trichrome method and a few were 
stained by the Wilder’s method for reticu- 
lar fibers. Each of the sections was first 
compared. under the microscope, with a 
normal human liver which had been simi- 
larly stained. Lastly photomicrographs of 
the hematoxylin and eosin sections of the 
gorilla and human livers were obtained for 
comparison. 


RESULTS 
Gross anatomy and morphology 


In general appearance the liver was 
roughly quadrilateral with a transverse 
measurement of 30.5 cm and a vertical 
height of 26.7 cm. It weighed 3900 gm 
following formalin-alcohol and formal 
saline fixation. 

The falciform ligament was found on 
the inferior border of the liver immedi- 
ately to the right of the second shallow 
notch. This ligament extended cranially, 
its two layers later separating to become 
the anterior layers of the coronary and left 
triangular ligaments respectively. There 
was a bare area, but its boundary was not 
well shown due probably to the careless 
removal of the liver from the peritoneal 
cavity. The liver was divided into right 
and left lobes by the falciform ligament, 
the right lobe being very slightly larger 
than the left. 

The right lobe was further subdivided 
into a right central and a right lateral 
lobule, the latter having about one-third 
of the size of the former. The right lateral 
lobule was mostly situated on the visceral 
surface of the organ and the two lobules 
were separated by a deep fissure (fig. 1). 

The right suprarenal gland was found 
lying on the postero-superior aspect of the 
right lateral lobule. 

The left lobe was also subdivided by a 
deep fissure into a central and a left lateral 
lobule, the lateral lobule being from twice 
to thrice the size of the central lobule 
Giz, 11). 

The fissure separating the two left 
lobules began at the inferior border of the 
liver and extended cranially both on the 
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Fig. 1 Line drawing showing the anterior s} | 
face of the liver of the mountain gorilla. Key|§ 
the figure: Right lateral lobule, RL; right cq 
tral lobule, RC; right suprarenal gland, RS; ci 
date lobe, CL; bare area, BA; left lateral lobujgi 
LL; left central lobule, LC. 


anterior and visceral surfaces of the « 
gan. On the visceral surface, this fiss to 
ran cranially and to the right and becam 
continuous with the fissure for the lig 
mentum teres (fig. 2). The inferior borg 
of the liver immediately to the left of ti} 
falciform ligament presented a_ seco} 
notch which was 3.8 cm deep (fig. 1). 

The caudate lobe. This was well dew@ 
oped. It was 12.7 cm long, 3.8 cm wide 
its cranial end and 7.6 cm wide at its caf 
dal end. 

The caudate lobe was continous, thro 
an isthmus, with the caudate procd® 
which was situated cranial to the rig 
lateral lobule. The caudate process 
roughly rhomboidal in shape and was ccif, 
pletely separated from the right latel™ 
lobule by a deep fissure (fig. 2). 
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Fig. 2 Line drawing showing the visc ‘ 
surface of the liver of the mountain gorilla. jf 
to the figure: Caudate process, CP; gall bladw# 
GB; quadrate lobe (QL); LL, LC, RC, CL af 
RL refer to the same lobules as in figure 1. 


The quadrate lobe was not well marked. 
‘t was found to be roughly triangular with 
\he apex of the triangle truncated at the 
jporta hepatis. 
| The quadrate lobe was bounded by the 
jzall bladder on the right and by the fis- 
ure for the ligamentum teres on the left. 
he latter fissure was in two parts with a 
)ridge of liver tissue 5.1 cm long separat- 
ing them (fig. 2, dotted line a). 
About 3.8 cm from the porta hepatis 
land 10.2 cm from the inferior border of 
phe liver, there was a shallow transverse 
jissure in the quadrate lobe. This fissure 
(subdivided the quadrate lobe into two 


The inferior vena cava was completely 
(surrounded by liver tissue and was sepa- 
cated from the porta hepatis by the cau- 
date process. 

* The gall bladder. This was 15.2 cm 
‘ong and 5.1 cm wide. It was entirely on 
the visceral surface of the liver and so no 
foart of it projected beyond the inferior 
fmargin of the liver. The gall bladder was 
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THE LIVER OF THE MOUNTAIN GORILLA 


Fig. 3 Photomicrograph of a section of a human liver. 
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lying towards the right central lobule so 
that its left attachment on its bed was 
hidden from view and is represented by 
the dotted line b in figure 2. 


Microscopic anatomy 


Both the human and mountain go- 
rilla hematoxylin and eosin liver sections 
showed remarkable similarity regarding 
the size and arrangement of the cell cords, 
the sinusoidal and vascular patterns. This 
is well shown in figures 3 and 4 which are 
photomicrographs of the hematoxylin and 
eosin sections of a human and mountain 
gorilla liver respectively. 

The mountain gorilla liver sections 
stained by the Wilder’s reticulin stain were 
again indistinguishable from human liver 
sections similarly stained (fig. 5). 

The Masson trichrome sections of the 
mountain gorilla liver showed that the dis- 
position of both the intralobular and inter- 
lobular connective tissue as well as that 
of the connective tissue around the portal 
triads is similar to that in Man. 
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Fig. 4 Photomicrograph of a hematoxylin and eosin section of a mountain gorilla liver. 
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Fig. 5 Photomicrograph of a mountain gorilla liver section after staining with Wilder’s 
reticulin stain. Xx 176. 


THE LIVER OF THE MOUNTAIN GORILLA 


DISCUSSION 


| Appearance and shape. In the moun- 
juin gorilla under discussion, the right 
bbe of the liver was hardly larger than 
ie left lobe. This fact alone makes the 
j/ppearance of the liver of the mountain 
lorilla very different from that of Man. 
since it is unlikely that the general anat- 
jmy of the lowland gorilla can be signifi- 
santly different from that of the mountain 
jorilla, the present author does not sup- 
jort Steiner (’54) in his statement that, 
*xcept for its greater lobulation, the liver 
je the lowland gorilla grossly resembles a 
fuman liver. Further direct evidence in 
j1pport of the author is provided by Elft- 
jaan and Atkinson (’50). These authors 
iso found that the liver of the lowland 
Jorilla is more symmetrical than that of 
flan and that the right lobe is only slightly 
arger than the left. 

It would therefore appear that Steiner’s 
54) conclusions regarding the gorilla 
iver, differed from those of Elftman and 
i.tkinson (’50) probably because they were 
eased on a study of an atrophied liver. 
j/nfortunately, however, in the lowland 
jorilla described by Steiner (754), the ef- 
ct of the atrophy of the liver on its ap- 
jearance and general morphology cannot 
fe assessed, since Elftman and Atkinson 
50) did not record the weight of the 
iver of their lowland gorilla. 

Weight. The weight of the liver in this 
ae gorilla (3900 gm) was well over 
ywice the weight of an average-sized human 
a (1500 gm). It is worth recording the 


‘act that the liver constituted about 1/34 
if the weight of the entire gorilla which 
vas 134.1 kg (in Man the liver forms 
bout 1/36 of the body weight). This 
yeight is therefore probably the most ac- 
urate ever recorded for the weight of the 
- of an adult mountain gorilla. In the 
jdult mountain gorilla described by All- 
(rook et al. (59), the extremely low weight 
if the liver (1818.2 gm) was most prob- 
‘bly due to either post mortem change or 
jtrophy or both. It is also relevant here 
i> mention the figure of 2200 gm given by 
‘teiner (54) for the weight of the liver 
j1 the lowland gorilla he described. Steiner 
154) himself, however, believed this to be 
in atrophied liver, an opinion which is in- 
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directly strengthened by the much greater 
weight recorded for the liver of the moun- 
tain gorilla by the present author. 


General morphology of the 
gorilla liver 


As regards the shape, the degree of loba- 
tion, the position of the falciform liga- 
ment and the presence of a bare area, the 
liver of the mountain gorilla under dis- 
cussion is very similar to that of the low- 
land gorilla described by Elftman and 
Atkinson (750). 

The number of lobes in the liver of the 
lowland gorilla has been stated to vary 
from 4 (Koch, ’37) to 6 (Elftman and 
Atkinson, 50; Raven, 50). In the moun- 
tain gorilla, if the quadrate and caudate 
lobes are included, the liver appears to 
have 6 lobes. If, however, the shallow 
fissure subdividing the quadrate lobe is 
considered, a total of 7 lobes can be seen. 

Since in the paper by Steiner (54) there 
was no figure or drawing showing the gen- 
eral morphology of the liver, it is difficult 
to understand what the author meant 
when he stated that “caudate and quad- 
rate lobes were not developed” in the low- 
land gorilla he was describing. If Steiner 
(54) meant that the lobes in question 
were present but not well developed, then 
the liver had at least 6 lobes. It would 
thus appear that in both the lowland and 
mountain gorillas, unless both the caudate 
and quadrate lobes are completely miss- 
ing, the liver should have at least 6 lobes. 
In view of this ambiguity in the literature 
and the fact that very few gorilla livers 
have been critically studied in respect to 
the number of lobes, Steiner’s (754) con- 
clusions that in the gorilla “it is apparent 
that the lobulation of the liver is more 
variable than in Man” should be accepted 
with caution. 

The caudate lobe and caudate process. 
The comparison of the degree of develop- 
ment of the caudate lobe in the higher 
primates is almost impossible due to the 
inconsistency in the terminology used in 
the literature. Thus the “caudate lobe” of 
the old anatomists (Schafer and Syming- 
ton, 1898) is nowadays called the caudate 
process, while what is now generally called 
the caudate lobe (Johnston et al., °58; 
Hamilton’ et al, 56: Last, 54> Grant, 58; 
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Wood Jones, 50) was at one time gener- 
ally known as the Spigelian lobe (Schafer 
and Symington, 1898). This synonymity 
is very well brought out by Woerdeman 
(50) who in his atlas refers to the cau- 
date lobe (modern usage) as the “lobus 
caudatus (Spigeli).” In the absence of 
an accompanying diagram or figure show- 
ing the entire visceral surface of the liver, 
however, it is impossible to tell whether 
by “caudate lobe” an author is referring 
to the Spigelian lobe. Therefore most 
papers in the literature, which lack prop- 
erly labeled illustrations of the visceral 
surface of the liver are useless when one 
is comparing the degree of development 
of the caudate lobe (modern usage) in 
the primates. Thus in view of these in- 
consistences in the literature, it will suf- 
fice only to record here that the caudate 
lobe (modern usage) was very well devel- 
oped in this mountain gorilla. 

The inferior vena cava. In this moun- 
tain gorilla this vessel had the same posi- 
tion as in the lowland gorilla described by 
Elftman and Atkinson (’50). In addition, 
the mountain gorilla displays the primitive 
condition as regards the position of the 
inferior vena cava, since this vessel is 
completely covered by hepatic tissue 
(Straus, 36): 

The quadrate lobe. Though not well 
marked, in the mountain gorilla this lobe 
occupies the same position and has the 
same relations as in all primates where 
it exists (Thomson, 1899). 

The gall bladder The position and re- 
lations of this organ in the mountain go- 
rilla were the same as in the lowland 
gorilla described by Steiner (754). The 
length of the gall bladder in this mountain 
gorilla (15.2 cm) on the other hand, lies 
between the lengths of the gall bladders 
in the lowland gorillas described by Koch 
(3714 em) and Steiner ©54:,17.5 cm). 
The greatest width of the gall bladder in 
this mountain gorilla (5.1 cm) was, how- 
ever, only slightly greater than that in 
Steiner’s lowland gorilla (4.5 cm). It is 
apparent then that the size of the gall 
bladder lies within the same range in both 
the mountain and lowland gorillas. 
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Microscopic anatomy 


Since histologically the liver of th} 
mountain gorilla is indistinguishable fro 
that of Man and since Steiner (’54) ca 
to the same conclusion in respect to tg 
liver of the lowland gorilla, it can be rea) 
sonably concluded that there is no signif}! 
cant difference in the microscopic anaij) 
omy of the livers of both the lowland anijj 
mountain gorillas. 


SUMMARY 


1. The author has described both th 
macroscopic and microscopic anatomy q 
the liver of a mountain gorilla. 

2. The gross morphology of the liver ij] 
the mountain gorilla has been found to Hé 
essentially the same as in the lowland! 
gorilla but very different from that rf 
Man. Some aspects of the morphology avg 
discussed. | 

3. The microscopic anatomy of thi 
mountain gorilla liver has been found 
be indistinguishably the same as that ¢ 
the human liver. 
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imd Brain Volume 


“he Correlation Between External Cranial Volume 


JORGEN BALSLEV JORGENSEN, ERLING PARIDON anp 


FLEMMING QUAADE 


Kgbenhavns Kommunehospital and Universitetets Antropologiske 
Laboratorium, Copenhagen, Denmark 


/ A few years ago we were engaged in ex- 
eriments with dry skulls. Our results 
ipubl. in °56, together with an account 
iif the measuring apparatus and method) 
yoroved to show (1) that there is a simple 
“vorrelation between the cranial capacity 
lind what we have termed the “external 
@ranial volume”; and also (2) that this 
sjexternal cranial volume” furnishes us 
dvith a more accurate estimate of cranial 
ssapacity than does the circumference of 
he skull. 

1 However, seeing that cranial capacity 
i;annot be said to equal the volume of the 
}yrain, we have now extended our investi- 
ration to comprising an autopsy material, 
yn which we have compared the external 
s:ranial volume and the head circumfer- 
nce (both, this time, including the integu- 
ets) with the direct measurement of 
/ he brain volume. 

| Figure 1 illustrates the method: the 
jnead of the supine corpse is immersed into 
>}. container filled with water to the brim, 
o. the surface reaches the horizontal 
Ilabella-inion plane. The displaced water 
is then collected and measured. After- 
ards the brain is removed, and its volume 
fs measured in the same manner, i.e. by 
ymmersion, etc. 

| The material consisted of 105 corpses, 
}overing every age group. Nearly all the 
jidults were men, as we wanted to avoid 
my inaccuracy caused by differences in 
a volume. And as the brain is known 
o increase somewhat in weight — perhaps 
uso in volume — after death (Appel and 
j\ppel, 42), each measurement was taken 
not earlier than 12 hours and not later 
han 24 hours post mortem. 

' Figures 2 and 3 show the relations be- 
tween brain volume and external cranial 
lrolume, and between brain volume and 


head circumference. It will be seen that 
the external cranial volume is not directly 
proportional to the brain volume. This is 
different from the skull material, where we 


Fig. 1 Technique for measuring the external 
cranial volume. 
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Fig. 3 Relation between brain volume and head circumference. 1 | 
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ifound a simple one-to-one relationship be- 
jtween external cranial volume and cranial 
BS acity (fig. 4). In other words: with 
increasing size of the head there is a rela- 
hive increase of the intracranial space not 
‘occupied by the brain. 

| We reach the same result by comparing 
ithe two curves: circumference-brain vol- 
fume (fig. 3) and circumference-cranial 
capacity (fig. 5). 

If we omit the lowest 15 values and 
base a regression analysis on the remain- 
ing and more frequently occurring data, 
we get the following equation for figure 2: 

y = 0.25x + 840 (se = 120) 


| 
| 
' 


and for figure 3: 

y = 36x — 700 (se = 115) 
‘where x represents cc in the first equation, 
and cm in the second. 


To all intents and purposes the two Sz 
values are identical, which seems to prove 
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| Fig. 4 Relation between external and internal cranial volumes in a series of 121 skulls. 


that we can estimate the volume of the 
brain with the same amount of accuracy 
whether we found our calculation on the 
circumference or on the external cranial 
volume. 

Still there is one important reason for 
preferring the latter course. We can hardly 
expect to measure the head circumference 
with a smaller margin of error than 1 cm, 
corresponding to an error of 35 cc in the 
computation of the brain volume; on the 
other hand repeated measurements of the 
external cranial volume have proved to 
give a margin of error of 50 cc, reducing 
the corresponding error in the computation 
of the brain volume to no more than 15 cc. 

The water displacement method has 
later proved useful for measuring the ex- 
ternal cranial volume of normal children 
and of macro- and microcephalic children 
(J. B. Jgrgensen, E. Paridon, and F. 
Quaade, 759). 
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CONCLUSIONS 

The volume of the human brain can be 
computed either by measuring the external 
cranial volume or by measuring the cir- 
cumference of the head, but the former 
course of action ensures a more accurate 
result than the latter. With increasing head 
volume the brain occupies a relatively 
smaller part of the intracranial space. 

The following method was used in the 
regression analyses: 
The equation for the straight line: 


y=y+ b(x —x) 


where 
>> 
rae. 
OS in 
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eS) 
x = — 
n 
SPxy 
b= <cK. 
SPS. ZEOY, 
aay 


JORGEN BALSLEV JORGENSEN, ERLING PARIDON AND FLEMMING QUAADE 


400 


500 
CIRCUMFERENCE 


Fig. 5 Relation between cranial circumference and internal volume in a series of 121 skulls. 
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Through Adolescence 


_ MATURATION AT PUBERTY 


| There is little in the extensive literature 
}on skeletal maturation to suggest that this 
jorocess might be subject to an adolescent 
jspurt, presumably because the usual 
|method of assessing skeletal maturity pre- 
jcludes the recognition of any variation in 
the maturation rate of children as a whole. 
jThe essence of this, the skeletal age 
|method (Todd, 37; Greulich and Pyle, ’50, 
/99; Pyle and Hoerr, ’55), is that a large 
jaumber of radiographs of a body area (e.g., 
the hand or knee) of children of a particu- 
)ar age are ranked in order of skeletal 
|maturity and the median is selected as a 
(standard for that age. An _ individual 
jradiograph is then said to exhibit the 
‘skeletal age” corresponding to the stand- 
lard which it most closely resembles. Con- 
jsequently the average distance curve (Tan- 
jner, 55) for “skeletal age” is by definition 
j2 straight line at 45 degrees through the 
we (zero skeletal months at birth), 


gwhile the corresponding increment or ve- 
locity curve must be a horizontal straight 
line, and the average acceleration of any 
jaealthy group cannot deviate from zero 
Bent by chance (until the adult limit of 
|maturity is reached when there is bound to 
jxe deceleration). It is the purpose of this 
Spe to consider changes in the rate of 
3keletal maturation, both by arguing from 
he Atlases which form the basic standard 
lof the skeletal age method, and by using a 
lifferent technique for assessing skeletal 
‘maturity. 


MATERIAL AND METHOD 


All the data are drawn from the Brush 
Foundation Growth Study at Western Re- 
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serve University Medical School. The sub- 
jects were healthy children living in pros- 
perous homes in the city of Cleveland, 
Ohio, who were born at various dates be- 
tween 1931 and 1942. Some arguments in 
the present paper are deduced from Brush 
Foundation material already published by 
other authors (Todd, ’37; Simmons, 7°44; 
Greulich and Pyle, 50; Pyle and Hoerr, 
705) and some from a further analysis of 
data which we ourselves have carried out. 
For this latter purpose a deliberate selec- 
tion was made of 400 of the most complete 
case histories (225 boys and 175 girls), 
but there is no reason to believe that the 
resulting sample of children differed in 
any systematic way from the Brush “Regu- 
lar Series” (Simmons, *44) to which most 
of them belonged. 

A new set of assessments of skeletal ma- 
turity were made from postero-anterior 
radiographs of the left hip joint and in- 
nominate bone by one of us (R.M.A.) using 
the Oxford method, full details of which 
have been set out elsewhere (Acheson, 
57). Like other inspectional methods for 
estimating skeletal maturity it is based on 
the fact that ossification of the cartilagi- 
nous skeleton is an irreversible process. As 
new bone replaces cartilage it takes up 
characteristic shapes, known as maturity 
indicators, each of which can be recognized 
on radiographs taken under standard con- 
ditions. Each such indicator belongs to a 
series within which the sequence is the 
same for all children but indicators belong- 
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ing to different series do not necessarily ap- 
pear in a standard sequence, as will be 
shown below. The indicators belonging to 
a given series can therefore be numbered 
in order, and the presence of (say) indi- 
cator 4 of the series appearing at the head 
of the femur means that indicator 3 must 
must have been present previously while 
indicator 5 has yet to appear. It is thus 
possible to say that a child who exhibits 
indicator 4 of the head-of-femur series has 
attained a score of 4 points for that series, 
and to derive a maturity score for any area 
of the body by adding up the scores for a 
number of indicator series. In the hip and 
pelvis region 9 such series are distin- 
guished comprising 45 indicators in all 
(when one side of the body only is as- 
sessed ). 
RESULTS 


1. Evidence of a pre-pubertal maturation 
spurt from the skeletal age atlases 
for hand and knee 


“Skeletal age” assessments might pro- 
vide the basis for demonstrating an ado- 
lescent spurt because, assuming that this 
occurred earlier in girls than in boys, we 
should find some age at which the age- 
group mean for girls accelerated away 
from the boys’ mean, and a later age at 
which the boys’ mean accelerated to catch 
up again. 

This was, in effect, done by Todd him- 
self when he drew up a list of “sex-equival- 
encies” between the hand film standards 
of his 1937 Atlas, some of which are quoted 
in table 1. The right hand column of this 
table gives figures for the implied lead of 
the average girl over the average boy; this 
lead is seen to vary in a way which strongly 


TABLE 1 


Some male and female standards from Todd’s (’37) Atlas which show an equivalent 
stage of skeletal maturity 


suggests that there is a pubertal spurt i 
maturation of the hand, and this seems | 
start at a younger age than the spurt fe 
most body measurements. A similar seri¢ 
of comparisons between the sexes can Hf 
obtained from the Knee Atlas (Pyle a | 
Hoerr, ’55) in which each plate serves :f/ 
4 dual standard for boys and for girls. Fujj 
example, the plate chosen as typical of 
9-year-old boy is also said to be typical \f 
a 7-year-old girl, implying a girls’ lead | 
this stage of two “skeletal years,” or to py 
it another way the time in months take 
from conception to the attainment of thf} 
stage by the average boy is 117/93 or 1.2] 
times as long as for the average girl. 
subsequent plate serves both for boys }} 
12 and girls of 9, implying that the intef/ 
vening stages of development occupy bo# 
for 36/24=1.5 times as long as girl} 
later, however, the boys require only tv 
years 10 months to traverse the stages 
tween the girls’ standards for 9 and 
years, that is, only 0.94 of the time takell 
by girls. Thus, both in the hand and tli 
knee, sex comparisons expressed in terr} 
of “skeletal age” equivalencies show t 
features expected in the case of a pubert 
spurt: a relative acceleration in girls f¢ 
lowed by a relative acceleration in bo 1 | 
There is an important difference betwe 
the two areas, however, namely that in ti) 
knee the girls show a much larger pie 
pubertal lead, so that the “extra” le# 
which they attain by virtue of their earlig 
puberty constitutes a smaller part of thef 
total lead at that time. 

Although these comparisons between tf} 
sexes are somewhat unsatisfactory beca 
they are not derived from any actual 
sessments of boys’ and girls’ films agair 


Boys’ standard Girls’ standard aplied 
JNoree 4 Skeletal age No. of Skeletal age operas | | 
andar standar boys 
Yrs Mths. Yrs. Mths. ana A 
24 10 ©) 21 9 3 18 
27 12 3 23 10 3 24 
29 13 3 25 Bl 3 24 
31 14 3 28 12 9 18 


‘it common series of standards, they are 
‘\yuite satisfactory for comparing groups 
‘within either sex which reach puberty at 
‘Mifferent ages. Material for such a com- 
arison has more than once been pub- 
lished. Greulich and Pyle (50), for in- 
“stance, gave a graph of age-group means 
‘pf “skeletal age” of the hand for three 
‘groups of girls whose menarche occurred 
(a) before the 12th birthday, (b) between 
the 12th and 13th birthdays, and (c) later 
than the 13th birthday. The feature of 
,|-his graph selected for comment both in 
{she original publication and when repro- 
jduced by Tanner (’55) was that as far 
(paa as age 7 the three menarcheal groups 


} 


aad distinctly separated means for “skel- 
2tal age.” Close inspection, however, shows 
that the differences between these groups 


oa | 


were far from constant, and in fact varied 


in a manner which could reasonably be 
jexplained by assuming the occurrence of 
3 considerable adolescent spurt in skeletal 
joaaturation. Groups (a) and (c), which 
E.. separated by only about 14 or 15 
‘skeletal months” at ages 7 to 12, diverged 


abruptly between the ages of 12 and 13 
and at age 14 passed a maximum differ- 
ence of nearly 24 “skeletal months” before 
‘converging again. Simmons and Greulich 
iC 43) laid out data on three similarly de- 
‘fined groups of girls in the form of incre- 
iment curves (their fig. 10). Two of these 
“groups showed the peak increment typical 
‘of measurements subject to an adolescent 
‘spurt. The authors suggested that the de- 
iclining phase of the increment curve fol- 
Rawing this peak was largely an artefact, 
“and failed to comment at all on the preced- 
‘ing rise. 
' Thus, in spite of the use of a scale of 
{measurement which assumes skeletal ma- 
|turation to proceed linearly with age, 
‘phenomena are found which can only be 
explained by postulating the occurrence of 
an important spurt, characteristically oc- 
curring earlier in girls than in boys, and 
| especially so in girls who reach sexual 
maturity early. If, however, the process of 
skeletal maturation does accelerate at 
puberty, no analysis based on the skeletal 
age system of assessment can show the 
full extent of the acceleration, because the 
condition that average skeletal age should 
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be rectilinear with chronological age 
throughout the developmental period en- 
tails that the skeletal age scale itself must 
be “stretched” during the years when ma- 
turation is proceeding more rapidly. That 
is, successive standard films for adolescent 
children must show a greater difference or, 
in terms of a true maturity scale, be placed 
further apart than successive standards 
for younger children although both are 
nominally separated by the same “skeletal 
months” interval. 

A realistic estimate of the magnitude of 
the acceleration requires a maturity scale 
based on units more natural than “skeletal 
months.” The only such scale yet pub- 
lished which covers the adolescent years is 
that constructed by the Oxford Method and 
applied to the head of femur and os in- 
nominatum (Acheson, ’57)’; it is this which 
forms the basis of the analyses presented 
in the following sections. 


2. Evidence of a pre-pubertal spurt 
using the Oxford Method for hip 
joint and innominate 
bone combined 


Age-group means for total hip maturity 
score assessed by the Oxford Method were 
given in the original publication (Acheson, 
707). From the same data the increments 
for each child for each year have now been 
calculated and averaged and the resulting 
increment or velocity curves are shown by 
sex in figure 1. These curves are clearly of 
the same general form as those familiar for 
most physical dimensions: there is an in- 
fantile phase of rapid development, a 
period of slowed development in mid-child- 
hood (more protracted for boys than for 
girls), and a pubertal acceleration leading 
up to a prominent peak. Although the peak 
increments for hip maturation appear 
strikingly high in relation to the incre- 
ments of the earliest years, they are not 
much higher relative to the pre-pubertal 
minima than those in the increment curves 
for weight. The maturation peaks occur 
considerably later than the maxima found 
for most types of growth, including increase 
in hip width (Shuttleworth, ’37). The impli- 
cation is not, however, that the pubertal 

3A scale of the same type has been prepared 


for the assessment of the short bones of the hand 
(Moss and Noback, ’58). 
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SKELETAL MATURITY INCREMENT (POINTS) 


AGE (YEARS) 


Fig. 1 Mean annual increments in skeletal 
maturity for the hip region from the second to 
the 18th year of life. 


acceleration occurs late, but rather that 
the post-pubertal deceleration is late. That 
is, the increased rate of development is 
sustained much longer than is usual in 
growth velocity curves; it will be noted that 
the acceleration originates at least 4 years 
before the peak in each sex. 

Besides changing the shape of the age- 
trend for skeletal maturity from the linear 
form assumed in the “skeletal age” method, 
the Oxford Method also gives a different 
age-trend to the scatter of maturity as- 
sessments. This latter change is also just 
what would be expected from the substitu- 
tion of a natural for a “stretched” scale. 
Thus, in the hand data presented by Greu- 
lich and Pyle (’50, p. 33) the girls’ age- 
group with the greatest scatter is that at 
age 11 years, when the standard deviation 
is only 24% greater than at age 7. Over 
the same interval the standard deviation of 
the Oxford points score increased by 50%, 
and at 13 it was more than double the 7- 
year-old value (Acheson, 57); some of 
this contrast may, of course, be due to 
pene difference between the hand and 

ip. 


3. Selective acceleration of ossification 
within the hip region 


The acceleration of skeletal growth 
which occurs at puberty does not involve 
chondroplasia in all growth cartilage simul- 
taneously or to the same extent (Shuttle- 
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worth, 38), nor does it affect the two sex}} 
in the same way. On the contrary, it || 
the differential accelerations of this peric¢ 

which largely determine the evolution }j 
the characteristic male and female adv 
skeletons from the relatively undifferer#) 
iated forms of young boys and girls. On}) 
might therefore expect to find with tli) 
advent of puberty evidence of greatif) 
changes in the rate of osteogenesis in son} 
areas than in others, and this indeed prov) 
to be the case. 

The 9 series of indicators used in tlh} 
Oxford Method for the hip and pelvis mz 
be divided into a femoral group (head +f} 
femur, greater trochanter, lesser trocha) ) 
ter) with a maximum or mature score ‘f} 
20 points, and a pelvic group all composi) 
parts of the innominate bone C(iliu 
ischium, junction of ischial and pubf 
rami, pubis, triradiate cartilage) with > 
mature score of 25 points. Age-grougl 
means have been calculated for these twf 
groups of indicators, and the relative prog 
ress of the two sexes exhibited graphical 
(see figs. 2(a) and 2(b) ). 

Figure 2(a) shows that the femur co 
forms to what is regarded as the norm 
pattern of events in skeletal maturatio#) 
From an age not later than 18 mont 
(when the head of the femur in the av i 
age girl first becomes visible) girls a 
clearly ahead of boys. Moreover, up to tk 
stage at which girls have on average on 
one more point to gain, the crosses are < 
very close to one straight line. The po 
tion can be fairly summarized by sayin 
that throughout their development gin 
have a maturation rate in the proximal erjq 
of the femur about 25% faster than that 4 
boys. More detailed analysis (see section |f) 
suggests that there is some acceleration 4 
maturation in the femur during pubert# 
which would be expected to cause a teri 
porary exaggeration of the girls’ lead, b 
as figure 2(a) shows, this must be small 
relation to the total difference between tk 
sexes. In fact the sex-comparisons oO 
tained from figure 2(a) are not unlike tho: 
for the knee previously inferred from tk§ 
sex-equivalents in the Pyle-Hoerr Atl 
(55). This is interesting because in ea 
case the growing end of a long bone whi 
contributes significantly to stature is idl 
volved. 1 | 
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months to 18 years: 


The pattern of events in the pelvic group 
“of indicator series is totally different (see 
“fig. 2(b)). Over the first decade of life the 
‘sexes have indistinguishable mean rates of 
‘development and at age 10 boys and girls 
both average between 13 and 14 points. 
‘Between ages 10 and 13 years, however, 
igirls are estimated to achieve an average 
jmaturity increment for the os innomina- 
jtum which is 312 to 4 times as great as 
| boys, while after their 13th birthday the 
iboys show a relative acceleration and the 
crosses in the figure begin to converge to- 
wards the line of equal development. 
'Clearly, maturation of the pelvis is much 
‘more responsive to the steriod hormones of 
puberty (see Hewitt and Acheson, ’61) than 
is that of the femur. 
It is plain from figure 2(b) that maturity 
,acceleration occurs at an earlier average 
age in girls than boys (a fact which is 
iknown to be also true of height accelera- 
tion). Owing to the more rapid femoral 
maturation of girls, however, these puber- 
jtal accelerations in the innominate bone 
‘occur at a closely comparable stage of 
‘femoral development in each sex and prob- 
ably at a similar stage in the development 
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Figure 2b 


Fig. 2 Annual mean skeletal maturity scores for boys plotted against those for girls at ages three 
(a) the femur, and (b) the innominate bone. 
graphs represent ages from three months to one year at three-monthly intervals, 
monthly intervals and then by annual intervals to 18 years. 


The 25 crosses on each of these 
to 5 years at 6- 


of the long bones generally. Therefore on 
reaching puberty, boys and girls still have 
about the same period of longitudinal 
growth before them. The significance of 
this comparison between the sexes will be 
discussed further in section 6 below, where 
it will be contrasted with the difference be- 
tween fast and slow maturers within a 
single sex. 


4. A sex-difference in the pattern of 
skeletal maturation at puberty 


Since the relative maturation rates of 
boys and girls are different for the femur 
and the innominate bone it follows that 
some maturity indicators at least must tend 
to appear in a different order in the two 
sexes. This was confirmed by ranking all 
children with a newly acquired score of 
14 points for the innominate bone (ie., 
those who had a score for the innominate 
bone of 13 or less on their previous birth- 
day) by the contemporary score for their 
femur (see table 2). At this fixed stage of 
development of the pelvis, which was usu- 
ally achieved by completion of the ossifica- 
tion of the primary centers of the innomi- 
nate bone the percentage of girls with a 


326 


TABLE 2 


Boys and girls of the Brush Foundation Series 
who had just attained a maturity score of 
14 for the innominate bone classified 
according to maturity points 
score for the femur 


Femur maturity score (points ) 


Total 
9 or less 10 or more 

Boys 85 45 130 
(65.4% ) (34.6% ) 

Girls rei) 77 110 
(30.0% ) (70.0% ) 

Total 118 12 240 
(49.2% ) (50.8% ) 


an 26 44 P= 10s 


femur score of 10 points or more (70.0% ) 
was twice as great as the corresponding 
percentage of boys (34.6% ), a difference 
which is far too great to attribute to chance 
(P <0.000,000,1). An identical pattern 
has been observed by the present authors 
in data from another growth study which 
is not currently available for publication. 

One consequence of this finding is that 
it would be impossible to establish sex- 
equivalencies between any radiographs in- 
tended to serve as Atlas standards for the 
hip and pelvis region as a whole. This is 
not in itself of much practical importance, 
but it would be much more serious if — as 
will be suggested below (section 6) — there 
should be constitutional variation in the 
pattern of maturation within as well as 
between the sexes, because the Atlas 
method of assessment relies for its validity 
on the assumption that, at least within 
sexes, there is only one “normal” sequence 
of ossification. 


5. Relation between accelerated skeletal 
maturation and puberty in girls 


We have shown above (section 2) that 
the total maturity score for the region for 
girls as a whole accelerates, relative to that 
of boys as a whole, at about 11 to 12 years 
of age, and have interpreted this as evi- 
dence of a genuine spurt in the rate of 
skeletal maturation. If such an interpre- 
tation is correct, it should follow that be- 
fore the age of 11 the hip maturity scores 
of girls who reach menarche early should 
already be accelerating away from the 
scores of those who reach it late. 
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This hypothesis was first tested lf 
means of a correlation analysis which 
summarized in figure 3 where the correl 
tion between total hip maturity score arf 
age at menarche is plotted against chron} 
logical age. The negative correlation coef 
ficients signify that those with higher mj} 
turity scores achieve menarche at } 
younger age. The correlations increa¥ 
from values smaller than — 0.2 at ag 
under age 9 to a maximum of nearly — OF 
between the ages of 12 and 13, and the: 
they decline much more gradually thefi 
they increased. Something like the appeag 
ance of figure 3 might have been produce} 
artificially if the intrinsic reliability of tlh} 
actual assessments had been much low} 
at the earlier ages. Such evidence as 
available from duplicate readings on t 
and other data, however, suggests that ar 
improvement in the reliability of the hig 
score between the ages of 9 and 12 cougl 
have made only a trivial contribution } 
the very steep rise in the correlation cog 
ficient. Furthermore, Nicolson and Hanl 
(753) obtained a similar correlation p 
tern between age at menarche and tk 
skeletal age of the hand. 

The contributions made by the femo 
and pelvic maturity indicators to this if 
tensified relationship are very unequal, | 
fact which can be demonstrated by an anaf 
ysis of the maturity increments achievd 


COEFFICIENT OF CORRELATION (r) 


4 6 8 10 12 14 16 18 
CHRONOLOGICAL AGE (YEARS) 


Fig. 3 Age trend of correlation between tl 
total hip maturity score and age at menarchi 
Each of the points plotted is the mean of tw 
correlation coefficients, one estimated at precedirf 
and one at the following birthday. The numb#l 
of girls in the sample varies between 27 and 97. 


|jvhom hip films were available both at 9 


{md 12 years of age. Within this group the 


“4 girls who reached their menarche before 


the age of 12% years gained on average 


‘.03 more points between ages 9 and 12 
“than did the remaining 28 girls. This dif- 
‘yerence in the total hip increment was 
‘made up of an insignificant (P > 0.30) 
“fontribution of 0.25 points from the femur 
‘feries and a much more important (P < 
/).001) contribution of 1.78 points from 
‘the innominate bone. 

' During the pre-pubertal years there was 
“much sharper contrast between age-at- 
“menarche groups on the basis of femoral 
‘than of pelvic scores, but as in the com- 
"oarison between the sexes, the differential 
‘leate of maturation in the innominate bone 
‘between those with early and those with 
‘late menarche first manifested itself at 
‘puberty. This is shown in figure 4 where 
‘the mean differences for femoral and 
‘lpelvic scores between girls reaching me- 
4narche before 1212 years and the rest are 
“shown for each age group from 5 to 16 
“years. At ages 6, 7 and 8 the girls who 
were to reach menarche relatively early 
jactually had a slightly lower mean score 
‘for the innominate bone, and at age 9 the 
itwo age-at-menarche groups had identical 
jmean scores. By age 10, however, the 
A“early” girls had established a technically 
‘significant lead, and by 12 there was more 
{than a whole standard deviation between 
ae means of the two groups, a degree of 
| differentiation which persisted for at least 
4 years. The “early” girls lead in respect 
‘of femur score shows comparatively little 
variation. At the younger ages shortage of 
|numbers makes the estimation of this lead 
_very unreliable, but it was found to be 
significantly greater than zero at ages 3 
-and 4 years neither of which are shown in 
| figure 4, — as well as at all but the last of 
the ages which are shown in the figure. 


6. Differences between early- and late- 
maturing girls in the pattern of 
skeletal development 


We have compared the skeletal matura- 
tion of boys and girls as a whole as well as 
that of early- and late-maturing girls, and 
have established that in each case the 
group which matures earlier sexually has, 


RATE OF SKELETAL MATURATION AT PUBERTY 


Sl 
1.0 Ne 
/ ‘ 
ae xX 
P0.8 yb x 
A x —FEMUR 
es 
> 
=} 
= 0.6 ---e 
= xe x x 
< 7 \ 
= / ex 
7 
Q . e NS 
S 0.4 ae / Lk 
i vA / Bt 
= / 
<3) / INNOMINATE BONE 
& x 
/ 
/ 
Boe HY 
Q ® 
< ’ 
td A 
4 e” 
e---e--~ 
0.0 =! ae eee ——S =) 
6 8 10 12 14 16 


AGE (YEARS) 


Fig. 4 Lead in skeletal maturity of girls whose 
menarche occurred before the age of 121% years 
over girls with later menarche, by chronological 
age. The two scores have been reduced to a com- 
mon scale by expressing each difference in terms 
of the corresponding standard deviation for all 
girls of known age at menarche. 


during the pre-pubertal years, a substantial 
lead in the maturation of the femur but 
no lead in the pelvis. Therefore the sex 
difference in ossification sequence shown 
above (table 2) must also have some 
parallel in the within-sex comparison. In 
making the between-sex analysis (table 
2) scores for the femur were compared in 
terms of a fixed score for the innominate 
bone. It has been shown in the preceding 
section, however, that at the time of pu- 
berty whereas femoral scores differ little 
between early and late maturers, scores for 
the innominate bone differ considerably. 
For the within-sex analysis differences in 
score for the innominate bone were there- 
fore studied in terms of a fixed score for 
the femur instead of vice versa. Table 3 
shows the distribution of innominate bone 
maturity scores of the 51 girls who at the 
age of 12 years had the same maturity 
score for the femur (14 points) but dif- 
fered in age of menarche. Among those 
who had already passed or were within 6 
months of the menarche 44% (11 out of 
25) had a score of 17 points or more for 
the innominate bone whereas only 4% 
of girls (1 out of 26) whose menarche was 
still more than 6 months off had as great a 
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TABLE 3 


Distribution of maturity score for innominate 
bone among girls aged 12 who had 
comparable maturity for the 
femur but differed in age 
at menarche 


Innominate bone 
maturity score 


Age at (points ) Total 
menarche 
15 or 16 17 oF 
less more 
< 12% years 1 13 abil 20 
=> 12% years 11 14 1 26 
Total 12 ai 12 51 


xX7(2) = 15.890; P < 0.001. 


TABLE 4 


Distribution of femur maturity score on last 
birthday preceding menarche in early 
and late maturing girls 


Femur maturity 


Age at score (points ) 


Total 
menarche 13 or 14 15 or 
less more 
< 12% years 10 34 6 50 
=> 121% years 3 28 18 49 
Total 63 62 24 99 


KA) = NOSIS 12 <— OTL. 


pelvis score. This is clear evidence that 
there is constitutional variation within a 
sex in the sequence of ossification in addi- 
tion to that already shown between the 
sexes. A further within-sex analysis of 
skeletal maturation patterns is shown in 
table 4 where the relationship between the 
state of development of the femur at me- 
narche in early maturing girls is compared 
with that in late maturing girls. It can be 
seen that on the last birthday preceding 
their menarche only 12% of “early” girls 
had a femur score of 15 or more, compared 
with 37% for other girls. If we assume 
that the more mature a bone is the less it 
will grow, and the recent studies of No- 
back, Moss and Leszczynska (’60) suggest 
we are justified in doing so, then the rela- 
tively immature state of their epiphyses at 
the time of puberty will permit “early” girls 
to achieve a larger spurt in longitudinal 
growth than other girls. This state of af- 
fairs is different from the between-sex 
comparison made in section 3 above, where 
it was shown that when boys as a whole 
at a given stage of maturation of the in- 
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nominate bone are compared with girls 3} 
a whole at the same stage, the state « 
maturity of the femur differs little. Ev 
dently, therefore, the amount of growth ° 
be undergone by the two sexes is simil:}) 
although the boys are already taller. TH 
greater adult height of men thus owe! 
much to the fact that the culminating) 
phase of growth in boys is “deferred” 
about two years. In the pre-pubertal yea? 
boys have, if anything, a smaller growt 
rate with respect to time than girls, bj 
much the larger growth rate with respe« 
to maturation of the long bones. In th 
present study it was found that at the stagf! 
of long-bone development indicated by 

femur score of 8 points (in the averagi 
girl just after age 7 years) the sexes aff 
ready differed in mean height by no les# 
than 114 mm (4% ins.). The relationshig, 
between rates of maturation and growth ef 
puberty is dealt with in more detail in 
subsequent paper (Hewitt and Achesor§ 
i Ne i 


DISCUSSION 
Skeletal maturation ought not to 


process. It is quite normal for healt 
children to differ in the sequence as well 
the overall rate of ossification. It is als 
quite normal for a healthy child to underg@ 
changes in rate of maturation as it does iif} 
rate of growth, particularly at the time a 
puberty. For these reasons the concept a 
“skeletal age” and the associated method 
assessing maturity by comparison wit 
Atlas standards cannot be altogether valid 
Skeletal maturation is evidently depende 
on several factors; a study of the hil 
region alone implies that there must be ag 
least three: 

(A) one which fosters rate of maturd! 
tion of the femur, and with which girls a# 
a whole are more generously endowed thai 
boys; | 
(B) one which is responsible for th# 
pre-pubertal phase of pelvic maturation} 
and which is equally distributed between} 
the two sexes; 

(C) one which first manifests itself aj 
puberty, to which the bones of the pelvi: 
are much more responsive than those o# 
the femur. 

Presumably these are genetically dete 
mined and the suggestion that such fac} 


} 


I 


| 


‘ors produce important variations in the 
pattern as well as the rate of skeletal ma- 
juration runs contrary to Todd’s (’37) 
\eaching on this subject, and to the thesis 
“ypon which he based his Atlas. The sug- 
‘sestion is nevertheless by no means new, 
‘or it was first put forward more than 50 
rears ago by Pryor (’08), and supported by 
tis Own and Buschke’s studies of homozy- 
‘gous and heterozygous multiple births 
| Buschke, ’34; Pryor, 39) as well as by 
‘subsequent, more extensive work both on 
‘“thildren less closely related (Sontag and 
‘uipford, *43; Reynolds, 43; Hewitt, °57) 
“and on bilateral asymmetry of skeletal ma- 
‘huration in healthy children (Baer and 
| 07). Genetic factors are not, of 
sourse, the only source of variations in os- 
‘sification pattern. Despite his observation 
‘that “determinators of maturity do not al- 
“ways make their appearance in the same 
‘brder in male and female” Todd (37) did 
‘hot feel any need to postulate an inborn 
ifference between the sexes in this respect. 
Rather the differences in pattern were to 
‘ye explained in terms of two contingent cir- 
“‘bumstances; first, that certain centers of 
‘yssification are more to be delayed by 
‘-eason of ill-health or other environmental 
‘adversity, and second, that boys are more 
fiable to such disturbances than girls. 
si was even inclined to believe that the 
\sex-difference in rate as well as in pattern 
Iwas due to the greater susceptibility of the 
male to environmental influences on phys- 
ical development. This last view finds no 
Jadherents today, but the other two sug- 
gestions have been borne out by several 
investigations. The most recent and con- 
tvincing of these was conducted by Dreizen, 
iSnodgrasse, Webbpeploe and Spies (’58), 
jwho compared the skeletal maturation of a 
group of under-nourished Alabama chil- 
E with the well-nourished Cleveland 


children on whom the Greulich-Pyle Atlas 
was based. It was found that the boys of 
a under-nourished group were more pro- 
foundly retarded than the girls, but that 
iboth were significantly backward; also that 
the liability of individual bony centers to 
be retarded varies both between and within 
sexes. Thus, in addition to the reduction 
of rate, the pattern of skeletal maturation 
must also necessarily have been affected by 
nvironmental adversity. Many other 
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workers (Abbott, Townsend, French and 
Ahmann, ’50; Weiner and Thambipillai, 
52; Beresowski and Lundie, ’52; Berridge 
and Prior, 54; Jones and Dean, ’56) have 
come to parallel conclusions. Yet the dis- 
ruptive effect of the environment tends to 
be over-emphasized, for in these studies the 
children were, for the most part, exposed to 
a considerable degree of malnutrition. 

In what is probably the largest published 
study of skeletal maturation in relation to 
health (Hewitt, Westropp and Acheson, 
55) episodes of sickness in a group of 
adequately nourished Oxford children ap- 
peared to retard maturation very little, and 
the effect was too small for technical sig- 
nificance even in the aggregate of 2,296 
life-years. Compared with the effects of 
ill-health on growth and on the incidence 
of transverse scars in the metaphyses of 
the long bones, the slowing of skeletal ma- 
turation was slight — a conclusion previ- 
ously drawn by Grande and Rof (’44) from 
their observations of a group of poorly- 
nourished Spanish children. Moreover, 
within the hand, the apparent effect (on 
the Oxford children) was less for epiphyses 
than for carpal bones, a finding which has 
since been confirmed (Dreizen, Snodgrasse, 
Webbpeploe and Spies, ’58). 

Variations in pattern due to such en- 
vironmental causes as malnutrition and 
systemic illness are presumably induced 
centrally by some alteration in hormonal 
secretion (Acheson, 60). It is not possible 
to say, however, the extent to which 
the genetically determined variations are 
brought about by differences in hormonal 
secretion and how far by differences in 
target (i.e., cartilage) sensitivity. 

Differences in the pattern of skeletal 
maturation, such as those which have been 
shown above to exist between boys and 
girls and between girls who reach the me- 
narche at different ages, have previously 
been reported for boys of contrasted adult 
physical type (Acheson and Dupertuis, 57). 
In the rhesus monkey (Macaca mulatta) 
also Wagenen and Asling (’58) have dem- 
onstrated a very definite sex-difference in 
the pattern of epiphyseal fusion. For in- 
stance, fusion of the triradiate cartilage 
occurs about 6 months earlier in the female 
than in the male, but fusion of the distal 
epiphysis of the femur occurs more than 
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18 months earlier in the female — a sex 
difference similar in type to that described 
in the children of the present study. The 
ubiquity of these pattern variations lead 
us to stress again that although Atlases of 
“skeletal age” are useful for making a quick 
assessment of the status of a child, the 
standards are not equally applicable to all 
children. Their value is limited in particu- 
lar when ill or underprivileged populations 
are being studied, or when precise as- 
sessments of skeletal maturity are being 
made for scientific purposes. 


SUMMARY 


1. Study of the existing publications 
from the Brush Foundation investigations 
suggested that in both the hand and the 
knee skeletal maturation proceeds at an 
accelerated rate before puberty. This 
“spurt” occurs earlier in girls than boys, 
and also earlier in girls who reach me- 
narche before the thirteenth year than in 
those who reach it later. 

2. The skeletal maturity of 400 Brush 
Foundation children (225 boys, 175 girls) 
was re-assessed from radiographs of the 
innominate bone and head of the femur 
by the Oxford Method. 

3. Analysis of annual increments (ve- 
locity curve) for the hip joint and pelvis 
showed for both sexes an infantile phase 
of rapid development, a period of slower 
development in mid-childhood, and a pu- 
bertal acceleration, earlier in girls than 
boys, but in both sexes leading to a prom- 
inent peak. 

4. There is no between-sex difference 
in rate of maturation of the innominate 
bone up to age 10 years, but the head of 
the femur in girls maintains a definite and 
constantly increasing lead over boys from 
the appearance of the first maturity indi- 
cator until shortly before growth ceases. 

5. Relative to the innominate bone the 
epiphyses at the head of the femur mature 
significantly more rapidly in pre-pubertal 
girls than in pre-pubertal boys. 

6. There is an increasing correlation be- 
tween hip maturity score and the age of 
menarche as girls grow older rising from 
r = — 0.2 for 8 and 9 years to r = — 0.7 for 
12 and 13 years. The correlation then falls 
again. The biggest contribution to this 
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correlation is the score for the innomina 


bone. 

7. Relative to the innominate bone, tl} 
head of the femur is significantly less m 
ture at menarche in girls who reach th 
stage of sexual development early than ]} 
is at menarche in those who reach it late 

8. It is concluded that these differenc 
in rate and in pattern are genetically ¢ 
termined and it is pointed out that sil 
they occur within a sex as well as betweaj| 
sexes, they make the skeletal age tec} 
nique an unsatisfactory method for asses 
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[hrough Adolescence 


| In the previous paper (Hewitt and Ache- 
json, 61) we showed that a definite pu- 
ertal spurt occurs in the maturation of 
(he hip joint, and especially the innom- 
|mate bone; we also inferred from the work 
ie other authors (Todd, ’37; Pyle and 
Hoerr, 55) that a similar spurt occurs in 
ithe hand and to a lesser extent in the knee. 
it is the purpose of the present communi- 
cation to examine the relationship between 
‘this increase in the rate of maturation and 
jother developmental phenomena at pu- 
iberty, in particular the increase in rate of 
stature gain. 


MATERIAL AND METHOD 


Assessment of skeletal maturity 
and stature 


The analysis is based on the same group 
of Brush Foundation children as was de- 
iscribed in part I, and the skeletal maturity 
lassessments are again those from radio- 
graphs of the hip joint and innominate 
bone? by the Oxford Method (Acheson, 
57). The measurements of standing 
height were taken in stocking soles when 
ithe children attended for radiography at 
‘birthdays and “half-birthdays” to the age 
of 5 years, and thereafter annually. An 
ladult height was also available for 128 
‘of the boys who were recalled for special 
study after the main work of the Brush 
Foundation Study had been completed 
\(Dupertuis and Michael, ’53). In addition 
to our own data we shall make frequent 
reference to the analysis of Brush Founda- 
\tion material made by Simmons (44). 


Use of directly estimated 
accelerations 


Child development studies usually pro- 
vide for the taking of measurements at 


some Aspects of Skeletal Development 
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regularly spaced ages. The resulting 
growth data are conventionally reported 
both in terms of the age-specific measure- 
ments themselves and, provided the study 
is of the “longitudinal” type, in terms of 
the first differences of these measurements 
(the increments or “velocities” ). The value 
of recording increments for individual 
children is, first, that this provides ranges 
of normal growth rate (as distinct from 
total size), and second, that it aids the 
description and analysis of growth proc- 
esses, particularly those of adolescence. 
In this latter use, however, changes in 
growth rate, that is, second differences of 
the original measurements, are of central 
interest, rather than growth rate itself. 
For instance, Shuttleworth (737) and 
others have attempted to define classes of 
children with relatively early or late pu- 
berty on the basis of their “age of maxi- 
mum growth.” By this is meant the first 
(post-pubertal) age at which an increment 
was succeeded by a smaller increment, in 
other works the age at which growth de- 
celerated. But if hypotheses concerning 
acceleration are to be discussed and 
tested objectively it is clearly desirable to 
employ numerical values of acceleration 
for individual children. This has been 
done at certain stages of the following 
study, where estimates of acceleration 
have been derived in the following simple 
way. If the measurements of a single 
child at (say) ages 1, 2 and 3 were yu, y: 
and ys, then the acceleration at age 2 has 
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3 The less clumsy, but less accurate term “pel- 
vis” is used at various places in the following 
text. 
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been estimated as (y:— 2y2+ yi). The 
chief advantages sought from these esti- 
mates are first, that they enable one to 
apply objective significance tests to ap- 
parent changes in growth rate instead of 
having to judge these subjectively from 
the shape of increment curves, and sec- 
ond, that they help to locate the time of 
onset of the pubertal changes in growth 
rate. Their chief disadvantages are that 
they can make no use of any measurement 
which is not one of a set of three, equally 
spaced in time; and that the component of 
variance of the acceleration arising from 
errors of measurement and recording is 
three times as great as in the case of sim- 
ple increments and 6 times as great as in 
the original measurements. 


ANALYSES AND FINDINGS?* 


1. Timing of pubertal height 
acceleration in relation to 
the menarche 


As table 1 shows, it is possible to use 
acceleration values to estimate the time 
interval between the age of the major pu- 
bertal acceleration of linear growth and 
the age of menarche. Means and standard 
deviations are given for height accelera- 
tions of girls at 10 ages measured in years 
before (—) or after (+) the birthday im- 
mediately preceding the menarche, which 
is designated as age 0. Over the range 
—6 to —2 none of the mean accelerations 
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TABLE 1 


Acceleration (mm per year per year) of gia 
growth in height, at ages defined in relatio 
to the birthday immediately preceding 

the menarche 


Age in 


years in Acceleration 
relation to Ne oe Senda 
Beadest neh cee Mean deviatio 
menarche 
—6 30 — 1.83 16.48 
—5 Koyo: — 6.00 17.39 
—4 42 + 1.79 17.28 
—3 44 — 3.64 15.26 
—2 50 2.24 16.15 
—1 53 +11.02 20.09 
0 55 — 22.73 22.44 
+1 43 — 29.21 18.46 
+2 36 — 14.47 14.61 
+3 34 — 8.71 12.24 


is significantly greater than zero, but ti 
mean of +11.02 at age —1 is significant 
greater than zero and also significant}. 
greater than the mean acceleration | 
the previous birthday at age —2. At age 
that is, on a day between 0 and 12 mont 
before the menarche, the mean acceler 
tion is large and negative. Hence the ti 


4 This section does not lend itself to the simp] 
tabulation of processed data which are usuai} 
catalogued under Results. It takes the form of 
series of analyses each following logically fre 
the one before, and where possible carried 
in close parallel with the earlier work of Si4 
mons (744) on the same material. In order 
help the reader, the hypothesis which an analy 
is designed to establish is printed in italics. 


ACCELERATION OF GROWTH (mm./yr./yr.) 


24 22 20 
MONTHS PRIOR TO MENARCHE 


Fig. 1 Mean accelerations of standing heights at various ages defined in relation to age 


at menarche. 


18 16 14 12 
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interval we are trying to estimate must 
ie between one and two years. This crude 
_)stimate can be greatly refined by taking 
nto account the precise ages in months 
“it which the menarche occurred. When 
he 53 girls for whom acceleration values 
vere available at age 0 were divided into 
3 groups (those whose menarche occurred 
sat +O or +1 month, at +2 or +3 months, 
_ote.), the differences between their mean 
jjaccelerations were found to be significant 
‘(P< 0.01), and also to be obviously sys- 
‘sematic, with a maximum within the 
,;ange. This can be seen clearly in figure 1 
‘where the 6 means are plotted together 
‘with a parabola fitted by the method of 
jeast squares. The index of correlation 
iassociated with this curve is moderately 
large (9 =0.49) and the residual inter- 
iigroup variation is not significant (P > 
gy The curve passes its maximum at 
‘18.2 months, so the average interval be- 
‘tween the major pubertal height accelera- 
‘tion and menarche may be taken to lie 
‘between about 17 and 19 months. This 
‘lis a very much shorter interval than the 
three years judged by Shuttleworth (737) 
ifrom height increment curves. However, 
“Shuttleworth’s concern was with a slightly 
“different time-interval, namely that be- 
tween the menarche and what he called 


| | “second inflection point” of the height 
| 


curve. This would not correspond exactly 
with the interval estimated here unless, 
in a given child, the whole of the pubertal 
height acceleration could be regarded as 
loperating at a single point in time. In 
‘fact, as Shuttleworth’s (’38) own later 
(work suggested, there is almost certainly 
lsome “staggering” of the accelerations in 
ithe various segments of the body which 
‘contribute to total standing height, and 
ithis would make the interval estimated 
‘here somewhat shorter than his (’37) es- 
(timate. A difference between the two 
lestimates as large as 18 months would 
not, however, be expected unless the onset 
‘of the component accelerations were 
spread over at least 18 months. 

Another subdivision of the same 53 girls 
provides objective confirmation of Shuttle- 
worth’s (37) view that early-maturing 
girls undergo a more intensive accelera- 
tion of growth, thus partly compensating 
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for the fact that they are on average 
smaller than other girls when they reach 
puberty. When the 53 girls are ranked 
in order of age at menarche it is found 
that the first 26 (up to 12 years 5 months) 
had an average acceleration at the —1 
birthday of +18.04 compared with only 
+4.26 for the remaining 27 (12 years 
6 months later). The technical signifi- 
cance of this difference is not in doubt 
(P< 0.02) and the difference itself so 
large (factor of more than 4 to 1) as to 
show that the postulated mechanism must 
be very powerful. It was suggested in 
part I of this paper (Hewitt and Acheson, 
61) that this greater acceleration may be 
made possible for the “early” girls by vir- 
tue of the fact that at the onset of puberty 
the epiphyses of their long bones are at 
a relatively immature stage of develop- 
ment. 


2. Timing of skeletal maturity 
acceleration in relation 
to the menarche 


An analysis parallel to that shown in 
table 1 for height was applied to the total 
maturity scores for the hip joint and in- 
nominate bone, and the mean accelera- 
tions at 8 of the same ages are shown 
in figure 2. In this figure the histograms 
represent means based on data classed by 
whole years before or after the birthday 
immediately preceding the menarche. For 
example, the first one represents the 37 
girls for whom hip films were available at 


(POINTS/YR./ YR.) 


~-6 -5 -4 -3 -2 -1 0 +1 +2 
AGE (YEARS) IN RELATION TO MENARCHE 


ACCELERATION OF SKELETAL MATURITY 


Fig. 2 Mean accelerations of total skeletal 
maturity score for head of femur and innominate 
bone at various ages defined in relation to age 
at menarche. 
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birthdays —6, —5 and —4, the pivotal age 
of —5 lying between 5 and 6 years be- 
fore the menarche. Each such group was 
also subdivided according to whether me- 
narche occurred more or less than 6 months 
after the last pre-menarcheal birthday (0 
on the horizontal axis), and the mean 
accelerations for these sub-groups are 
marked by the black dots. 

It will be seen that, on average, the 
total hip score was positively accelerated 
in each of the 5 years preceding me- 
narche, and also in the first year after it. 
Changes which are technically significant 
(P< 0.05) also occurred within as well 
as between years: in the 5th pre-me- 
narcheal year (from negative to positive ) 
and in the year of the menarche itself 
(positive to negative). Clearly the pu- 
bertal acceleration of skeletal maturity is 
spread over a much longer period than 
the acceleration of height. Indeed it is 
hardly possible to regard it as a single 
acceleration, particularly in view of evi- 
dence presented in part I that maturation 
in the femur and in the innominate bone 
respond quite differently to the advent of 
puberty. Analyses like those summarized 
in figure 2 were therefore carried out for 
the femur and pelvis scores separately. 
The innominate bone alone underwent a 
greater mean acceleration at age —1 than 
at any other birthday, a result which is 
closely similar to that for height accelera- 
tion. In the case of the femur there were 
two separate birthdays at which accelera- 
tion was significantly positive (—3 and 0) 
while at age —1, when acceleration of the 
pelvis score was greatest, there was sug- 
gestive evideiice (P approximately 0.06) 
of deceleration in the femur score. The 
fact that the femur score accelerates twice 
cannot, however, be taken to prove that 
the process of maturation in the femur is 
itself subject to separate accelerating stim- 
uli; the reason is that the method of as- 
sessment records a number of discrete 
stages, so that what is essentially a smooth 
process appears to move in jerks. These 
tend to be eliminated when aggregate 
scores for several indicator series are taken 
together; they could, however, give rise to 
apparent small changes in rate which are, 
in effect, artefacts. 
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Fig. 3 Age trend of the correlation betwe 
skeletal maturity and standing height for bo 
and girls. Each plotted point represents the meal, 
of the estimated height-maturity correlations 
two successive birthdays. 


3. Effect of puberty on the relation 


between skeletal maturity 

and height 

We have shown in the foregoing see 

tions that skeletal maturation undergod 

an acceleration concomitant with t i 
growth acceleration of puberty. It is, ho 
ever, well-known that in the pre-pubert | 
period there is a relationship between t 
rate of skeletal maturation and the ra | 
of linear growth so that children who a ‘| 
relatively mature for their age tend also t# 
be relatively tall.’ Therefore, if skeletal 
maturation does in fact undergo an acce | 
eration, concomitant with the acceleratio# 
in growth, the intensity of the relationshii | 
between stature and skeletal maturit 
should be increased after puberty. Figuy | 
3 shows graphically a correlation analysi 


The correlation is obviously stable 
about +0.4 from the fourth to the eigh 


tl 
years, after which it rises to a level a) 


nost 50% higher before entering on the 
leclining phase common to both anal- 
‘ses. The results for boys do not con- 
irm the prediction because the correla- 
‘ion shows a continuously rising trend 
rom the 5th year of life onwards, which 
must be caused by factors present long 
before the onset of the general pubertal 
iccelerations. The crosses plotted for the 
[4th and 15th years are, however, higher 
han would be obtained by an extrapola- 
ion of the previous trend, and this is at 
east consistent with expectation. It will 
ye noted also that, although the boys’ cor- 
‘elation in the present analysis starts at 
in appreciably lower level than the girls’, 
}t eventually reaches a higher peak. This 
sex difference, which implies that the 
actors responsible for co-ordinating the 
srowth and maturation of the skeleton 
are not the same in the two sexes, is 
{the only respect in which our analysis 
‘confirms a similar one carried out by 
jSimmons (744) on the Brush Foundation 
qmaterial (table 61) for she failed to show 
pny increase in correlation between height 
and “skeletal age” during or after puberty. 
| There are two possible reasons for the 
difference between the two analyses. In 
the first place, as we have already shown 
sin part I (Hewitt and Acheson, 61), the 
“skeletal age” scale must be “stretched” 
ijin the region of puberty and therefore the 
iystematic part of the scatter artificially 
reduced. Secondly, since Simmons’ “skele- 
ital age” values were derived as the mean 
of assessments in 6 separate areas (hand, 
i elbow, knee, hip and shoulder), a 
| ae of the type we have postulated 
awould be obscured by any tendency for the 
ipubertal acceleration to occur at different 
ages in different parts of the skeleton.® 

f is also quite possible that the bones of 
he hip region really are subject to a more 
powerful acceleration than those of the 
jother areas contributing to Simmons’ aver- 
yage: in this connection it has already been 
jshown in part I of this paper (Hewitt and 
Acheson, 61) that there is probably less 
jacceleration in the knee than in the hip 
jor hand. 

i Another obvious difference between the 
results of the two analyses presented in 
figure 3 is the lower level of correlation 


at all ages found in the present study. 
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This is almost certainly due to the use of 
hip assessments alone in place of aver- 
aged assessments for several areas of the 
skeleton. Both the growth and maturation 
of any one particular part of the skeleton 
must be determined by factors which have 
less influence (or none) on the develop- 
ment of other parts. Hence the hip film 
alone cannot be expected to contain so 
much information about the aggregate of 
maturational processes associated with 
gain in total height. 

With the possible exception of the knee, 
where much of the growth of the lower 
limb occurs, it is unlikely that the matur- 
ity indicators of a given area will all be 
equally relevant to the rate at which sta- 
ture increases. In the hip region, as was 
shown in part I, pre-pubertal scores for the 
pelvic indicators do not differentiate boys 
from girls or girls with relatively early 
sexual maturity from other girls. It is 
therefore reasonable to suppose that the 
pre-pubertal pelvis scores might contribute 
less to the correlation between maturity 
and height than the scores for indicators 
in the femur. A formal test of this hy- 
pothesis would require a partial correla- 
tion analysis for which the data at present 
available are not suitable, but verification 
is to be found in a simple comparison of 
some mean heights. Thus, among 99 girls 
who were both measured and assessed at 
age 10, the 69 most advanced in femur 
score averaged 49.9 mm taller than the 
remainder, but the 67 most advanced in 
pelvis score averaged only 27.3 mm taller 
than the remainder, and if allowance were 
made for the inter-correlation between 
these two scores the contrast in net associ- 
ation with height would be even greater. 
After puberty the position is reversed: a 


6 Data from another part of the same mono- 
graph (Simmons, 744) suggest that there are such 
differences. The object of averaging assessments 
from different areas was to increase the re- 
liability of the estimates of “skeletal age,” i.e. to 
reduce the element of observer error, an object 
which was no doubt achieved. But if this had 
been the only effect of the averaging then the 
standard deviations based on the mean of 6 
areas should have been considerably smaller than 
the standard deviations based on single areas. 
In fact the available comparisons (tables 59 and 
60) show surprisingly little reduction in scatter 
consequent upon averaging, while in some cases 
there was an increase. 
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similar division of 51 girls aged 14 showed 
that those with a relatively advanced fe- 
mur score were only 11.0 mm taller than 
others, while a comparable classification 
by pelvis score yielded a height differ- 
ence of 29.3 mm. 

An interesting corollary of these find- 
ings is that the sex difference in total 
growth potential (for definition see Ache- 
son and Hewitt, 54) must be brought 
about in a rather special way. For if it 
were due to the same causes as variation 
on growth potential among girls, then 10- 
year-old girls should average at least 50 
mm taller than 10-year-old boys. Sim- 
mons’ data for the Brush children as a 
whole (’44, tables 10 and 11) show in 
fact a sex-difference in height of less than 
14 mm at this age. The “extra” matura- 
tion achieved by girls would be attributed 
to a factor which has little or no influ- 
ence on growth rate, or alternatively, boys 
could be endowed with a comparative ex- 
cess of some growth factor having little 
influence on maturation. It will be shown 
in the discussion below that, since the 
total growth rate of pre-pubertal boys is 
not greater than that of girls, this sex- 
difference may well be due to the higher 
titre of testosterone in the pre-pubertal 
male. 


4. Relationships between the height 
and maturity accelerations 


Timing of accelerations. It has been 
shown above and in part I that skeletal 
maturation (particularly in the innomi- 


TABLE 2 


Mean height acceleration (mm per year per year) in 36 boys and 59 girls at ages defined 
in relation to attainment of the sixteenth point of maturity score for the 
innominate bone, sexes separately 
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nate bone) is subject to pubertal accelez 
tion of a kind similar to that recogniz, 
in skeletal growth; the question now aris 
as to how far acceleration along these t 
paths of development is attributable 
the same hormonal influences. Direct ej) 
dence on this question can only be cf 
tained from the fields of endocrine path, 

ogy and therapeutics, but on grounds | 
biological economy it seems reasona 
to suppose that in each case the accelenf) 
tion represents a response to substantia] 
the same stimuli. If so, there should bef) 
characteristic time interval between tif 
growth-response and the maturation-i 
sponse, just as there is a characteris# 
interval between the menarche and t! 

main height acceleration in girls. In ord 
to test this hypothesis it was necessary 
choose a stage which could be taken 
an indication that the accelerated ph 
of skeletal maturation was about to stajil 
The stage chosen was the attainment J 
its 16th point by the innominate bone, i 


was the stage at which the girls’ skelet 
maturity accelerated away from the boy@ 
and it also was when the boys in th 
turn reached this stage that they beg; 
to reduce the female lead. 
Estimates were therefore made of 

: : j an 
mean height acceleration at various bird 
days defined in relation to the age whi 
this 16th point was attained, and thr 
of these are shown for each sex in colu 
A of table 2. Considering the results 


Age relative 


A B 
On “Observed” “Eupected” Difference 
{pone fon ee acceleration acceleration 
i Boys 
X Two birthdays(12 to 24 months) before + 7.52 + 5.26 + 2.26 
Y One birthday (0 to 12 months) before + 22.42 + 2.17 + 20.25 
Z One birthday (0 to 12 months) after — 20.68 — 16.02 — 4.66 
X Two birthd (12 h oo 
‘wo birthdays to 24 months ) before + 4.91 + 0.83 4.08 
Y One birthday (0 to 12 months) before + 4.86 — 3.36 i 8.22 
Z One birthday (0 to 12 months) after —17.15 — 9.45 — 7.70 


“yoys first, it is clear that acceleration is 
‘wnuch greater in the vicinity of the birth- 
lay immediately preceding the chosen 
‘Waaturity stage (Y) than in either of the 
‘ther 12-month periods shown in the table 
i; X and Z). On the grounds of the chrono- 
a ages represented at birthday Y 
(plone, a positive mean acceleration would 
j;tave been expected (see column B). But 
‘jhe observed mean exceeds that expected 
spy 20.25 mm and this is more than 4 times 
ithe standard error of the difference. The 
absolute value is so high as to suggest that 
poys have a true maximum height accel- 
Bon near the middle of the period 0 
4,0 12 months before attaining their 16th 
elvis point. During this same period the 
ae mean acceleration is also signifi- 
jjpantly (P< .01) greater than the age- 
\pased expectation, but it is not large in 
relation to the mean for the preceding 
@l2-month period (X), or even in relation 
‘;o the mean of +7.01 mm found for all 
jzirls at their 10th birthday regardless of 
maturity stage. The alternative explana- 
ations are therefore, either that in girls 
‘shere is less overlap between the factors 
jeesponsible for acceleration of height and 
sof maturity than in boys, or that in girls 
&he attainment of the 16th pelvis point is 
la less efficient indicator of the time of 
maturity acceleration.’ 

a Size of accelerations. Further analysis 
¢showed that early arrival at pelvis point 
(16 was associated with a relatively large 
Bee retion of growth, a finding which 
iparallels that obtained in section 1 of the 
ipresent paper when the relationship be- 
itween growth acceleration and age at 
‘menarche was examined. The first 29% 
of girls (17 out of 59) to score 16 pelvis 
points had a mean acceleration of +10.9 
imm compared with +2.4 mm for the re- 
mainder. Among boys the first 25% (9 
lout of 36) to reach this stage had a mean 
acceleration of +32.0 mm compared with 
'+19.2 mm for the remainder. Evidently, 
in both sexes, the earlier the developing 
tissues are exposed to the full hormonal 
stimuli of puberty, the more vigorously 
they can respond. In teleological terms 
it may be said that boys as well as girls 
tend to be “compensated” for early arrival 
at puberty. 
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5. The balance between maturation 
and linear growth: 
final height 


If growth rate and maturation rate were 
inherited quite independently of one an- 
other, children with a rapid rate of matura- 
tion would tend, as adults, to be distinctly 
short, while those with a rapid rate of 
growth would tend to be tall. The inter- 
relationship between the factors determin- 
ing these rates must therefore have the 
effect of limiting the amount of variation 
in the stature of the adult population. 
Direct evidence on the extent to which 
the effect of rapid maturation is balanced 
by correspondingly rapid growth, or slow 
maturation by slow growth, is necessarily 
scanty because it can only be obtained 
from individuals observed during child- 
hood and again when growth has unques- 
tionably stopped. However, the complete 
balancing out would seem to require a 
more intense correlation between rates of 
growth and of maturation than is usually 
found. We therefore postulate that the 
fast maturing child will be a much smaller 
adult than the slow maturing child. 

(a) Fast and slow maturers before the 
growth spurt. The data of Simmons (’44)* 
show that among 6-year-old boys, a lead of 
one year in “skeletal age” is associated with 
a lead in height of 35.5 mm on average, 
whereas a year’s growth in height at this 
age may be estimated to average 65.7 mm 
(half the difference between the means 
for ages 5 and 7 years). Hence the “extra” 
growth achieved by rapid maturers covers 
little more than half of the height handi- 
cap incurred by the shorter period of 
growth available to them, and similar re- 


7 The method here employed for identifying the 
usual interval between height and maturity accel- 
erations is not quite the most efficient that could 
be devised, even when measurement of height 
and maturity is spaced at the long (for this pur- 
pose) interval of 12 months. An aggregate score 
such as 16 pelvis points can be made up in a 
variety of ways because all individuals do not 
follow the same sequence of ossification. An at- 
tempt was therefore made to define the moment 
of maximum maturity acceleration in terms of 
individual indicator series, but the analysis 
proved too complex to be of much value. 

8 The standard deviations and correlations nec- 
essary for estimating the regression of height on 
“skeletal age” at fixed chronological age are to be 
found in tables 10, 11, 59 and 60. 
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sults are obtained for a number of other 
ages in both boys and girls. If there were 
no subsequent compensating mechanism 
one would therefore expect adults who 
stopped growing a year before the average 
for their sex to be about 30 mm below 
average height. 

(b) Fast and slow maturers after the 
growth spurt. A number of Brush Foun- 
dation boys whose hip and pelvis films are 
included in the present study had been 
re-examined at the age of 20 years or over 
(Dupertuis and Michael, 53). Among 
them there were 43 who could be classified 
on a basis of whether they had reached 
a score of 7 points for the indicator series 
“head of femur” before their 16th birth- 
day (25 boys) or after it (18 boys). As 
adults (minimum age 24) the slower- 
maturing group averaged 37.7 mm taller 
than the faster-maturing group. Five boys 
who had not attained this score by their 
17th birthday were eventually 59.7 mm 
taller than the average for the whole 
group. Not many of the girls had been 
measured as late as age 18 years, nor were 
there any subsequent follow-up data for 
them, but the small sample available 
showed an amount of variation similar to 
that among boys. Thus among 13 girls 
for whom femur scores at age 12 years 
had been assessed the following average 
statures were found at age 18 years: most 
precocious 4, 1,606 mm; middle 4, 1,631 
mm; slowest 5, 1,661 mm. Hence in each 
sex there may be, within the normal range 
of rates of maturation of the femur, sys- 
tematic differences in adult height of up 
to 50 mm. 

Tanner and Healy (see Tanner, 55, 
table 7) using first appearance of pubic 
hair as a criterion of maturity in 188 army 
cadets aged 19-21 years came to a similar 
conclusion. Although it is also possible 
that some of these subjects had not 
reached their final adult height, they 
found the most precocious 19% were, on 
average, 17.2 mm shorter than the 13% 
who had matured most slowly, and that 
nearly all this difference was in leg length. 

We must therefore conclude that the 
slow maturer does have some net advan- 
tage in final adult stature over the fast 
maturer. Many investigators have failed 
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to make this observation because they ha 
stopped making their measurements t 
soon. For instance, Simmons (’44) wrcf 
“girls” mean terminal height is no great 
than their “16-year-old mean,” and, ; 
though several of the 18-year-old Bruij 
Foundation girls mentioned above show; 
no further growth (and some an appare'f 
decrease in height) after the age of 1 
their average increment of height betwee 
16 and 18 was +6.1 mm, which is maj; 
than twice the standard error. ! 
(c) The rapid grower. The obverse } 
this finding is that children with a rap 
rate of growth will, on average, becon{ 
tall as adults, despite the fact that tha} 
tend to have a shorter period of growt 
No analysis along these lines has beef: 
made from the Brush data but the la 
follow-up by Tanner, Healy, Lockhai 
Mackenzie and Whitehouse (756) of tl 
Aberdeen children studied by Low (’5 
confirms this hypothesis. The comme 
made by these authors that rate of grow 
and adult size “seem practically ind 
pendent” refers only to rate of grow 
measured from birth, which in turn i 
volves reliance on measurements whi¢ 
the authors themselves show to be of pa 
ticularly poor predictive value. Rate jf 
growth from conception to an age as ear 
as one year had a very definite positii}} 
correlation with adult height, howev 
and this correlation was not merely due 
the fact that body-length at age one ye} 
constitutes an appreciable fraction of toti 
adult body-length. It is easily shown th 
the growth of the Aberdeen children up 
age one year must have been positive} 
correlated with the increment from a 
one year to maturity, because the correl 
tion between length at one year and adu 
height could not otherwise exceed t 
ratio between the one-year-old and tli 
adult standard deviations. This ratio w 
only 0.47 for boys and 0.51 for girls, bi 
the correlations were 0.65 and 0.70 r@ 
spectively. Unlike the slow maturerg 
whose height superiority only manifes# 
itself at the very end of the developme# 
period, the height advantage of rapidi§ 
growing children is apparent at all ageg 
and tall children do tend to become taf 
adults. | 


f 
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DISCUSSION 


In the previous paper (Hewitt and Ache- 
on, 61) we showed that at least three dis- 
“yinct factors must be involved in the skele- 
‘al maturation of the hip and pelvis region. 
n the pre-pubertal years linear growth 
“seems to be closely associated with the 
‘actor which is responsible for maturation 
“bf the femur, and at puberty with that 
igwhich causes an acceleration of matura- 
ion of the innominate bone. The third 
‘actor is responsible for ossification of the 
‘rimary centers of the innominate bone, 
a does not seem to have close associa- 


ion with linear growth. Rapid maturation 
yf the skeleton constitutes a handicap 
as regards final height attainment, but 
this is partially offset within each sex, 
oy the overlap between the two factors 
which determine the rates of growth and 
‘maturation, and also by the tendency for 
‘children who reach puberty early to under- 
“go a more intensive growth acceleration. 
“As between the sexes, however, neither of 
ee compensating mechanisms apply; 
“the more rapid femoral maturation of 
‘girls is not accompanied by more rapid 
‘growth, nor does their earlier arrival at 
‘puberty entail a greater growth spurt. 
4 Apart from variation in sensitivity of 
sthe bones themselves to central stimuli, 
ithe explanation of these phenomena pre- 
tsumably has to be sought in age and sex 
‘variations of hormonal secretion rates. In 
this admirable review of the endocrinology 
hot adolescence Tanner (755) considered 
jthat the available data were so scanty as 
ito make his inferences “somewhat specu- 
. There are, nevertheless, a few firm 
‘facts to build on. 
} During pre-pubertal childhood the hor- 
fmonal sine qua non of healthy osteogen- 
‘esis, and therefore of skeletal maturation, 
jis the secretion of thyroxine (Johnston 
and Maroney, ’39 (a) and (b); Johnston, 
41 (b); Asling, Simpson, Li and Evans, 
i’54, etc.) and it is now accepted that pro- 
tein-bound iodine (PBI) represents accu- 
‘rately “the concentration of circulating 
' thyroid hormone with which tissues are in 
)contact” (Acland, 758). Studies of the 
'PBI indicate that the thyroxine level is 
high in early infancy and, with the possi- 
ble exception of a slight and temporary 
rise at puberty, falls steadily throughout 
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the developmental period (Danowski, Huff, 
Erhard, Price, Brown, Wirth and Steven- 
son, 752; Durham, Cooke, Lancaster and 
Man, ’54; DePascale, 56). A comparison 
of PBI levels in healthy boys and girls has 
so far failed to establish any sex-differ- 
ences (Acland, °59), but no carefully 
planned statistical analysis of pertinent 
data had yet been undertaken. For these 
reasons it seems improbable that thyroxine 
is primarily responsible for the marked 
acceleration in the rate of maturation 
which we have shown to occur in early 
adolescence, although it is possible that it 
accounts for the faster rate of maturation 
in pre-pubertal girls. 

As a consequence of their studies of 
acromegaly and gigantism, Kinsell, Mi- 
chaels, Li and Larsen (’48) evolved the 
hypothesis that whereas “childhood growth 

. . is entirely referable to pituitary growth 
hormone . . . pubertal growth is induced 
by steroid growth-promoting factors from 
the gonads and probably from the adrenal 
cortex . . .”. Subsequently research has 
done much to bear out this hypothesis, 
and to suggest that skeletal maturation at 
puberty may also be controlled by steroid 
hormones. 

Of the hormones concerned, perhaps 
most is known about testosterone. The 
adult male eunuch, with his narrow shoul- 
ders, slightly effeminate pelvis and still 
unossified growth cartilage plates, rapidly 
acquires masculine physique on the ad- 
ministration of testosterone (Thompson 
and Heckel, 39 etc.). In such cases the 
male hormone initiates the ossification of 
the growth cartilage plates, and therefore 
ends the potentiality of the long bones for 
growth; it also seems to have a specific 
stimulating effect on the growth of the 
clavicle and possibly the innominate bone, 
In dwarfed children of both sexes (Sobel, 
56; Hubble, °57(a); Sobel, Raymond, 
Quinn and Talbot, 56) and in oversized 
girls (Goldzieher, 56) testosterone has 
been shown to stimulate long bone growth 
also. In over 50% of Sobel’s cases (Sobel 
et al., 56) the accelerating effect on skele- 
tal maturation was greater than that on 
growth, and Goldzieher (’56) used a testos- 
terone preparation in conjunction with 
oestrogens for the specific purpose of in- 
ducing epiphyseal closure. From these 
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observations it can be concluded that tes- 
tosterone is: 

(i) capable of temporarily increasing 
the rate of long bone growth (even when 
pituitary somatotrophic hormone is lack- 
ing), and 

(ii) the probable agent responsible for 
epiphyseal closure in the male, and pos- 
sibly, as will be seen, in the female too. 

The part played by oestrogens in skeletal 
development is less clear. Johnston (’41a) 
could find no evidence that they created a 
positive calcium or nitrogen balance in 
girls, from which he inferred that they 
were not concerned with the bone forma- 
tion which is essential to growth and skele- 
tal maturation; nor did Hubble (’57a and 
b) give them any place in his hormonal 
growth equation. Yet Goldzieher (756) 
claimed that they accelerated epiphyseal 
closure without accelerating linear growth 
in oversize girls. Acheson and Zampa 
(61) have found in a recent study of 
skeletal maturation in ovarian dysgenesis 
and Turner’s syndrome, conditions in 
which the pre-pubertal growth spurt has 
been shown to be absent (van der Werff 
ten Bosch, ’59), that 14 of 18 patients 
(78% ) aged 16 to 27 had a skeletal age, 
assessed from the Todd ’37 standards, of 
13 to 14 years. The other 4 patients had 
mature hands but were all aged over 21 
years, and had been receiving oestrogen 
therapy for at least three years whereas 
only one of the 18 immature patients had 
been treated for more than a few weeks 
at the time the hand x-ray was taken. 
These findings led to two conclusions; 
first an intact ovary would seem to be 
necessary for epiphyseal closure to be 
completed physiologically and second oes- 
trogens given in therapeutic dosage may 
be capable of bringing about this closure. 
In the healthy female, however, it is not 
improbable that androsterone and other 
ovarian and _ adreno-cortical androgens 
may play a part in the later stages of 
skeletal maturation. 

The observations and conclusions of 
Nathanson, Towne and Aub (’39, 41) as 
to the source and timing of the secretion 
of the sex hormones accord so well with 
the work of others on this subject ( Dorf- 
man, Greulich and Solomon, 737; Catch- 
pole and Greulich, ’43; Miller and Mason, 
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45; Hain, ’47; Mellman, Bongiovanni a} 
Hope, 759 etc.) and with our own preseé 
findings that it is worth propounding the 
at some length. They made semi-lon) 
tudinal studies of children and found t 
the output of both 17-ketosteroids a3f/ 
oestrogen began to rise in both sexes 
the 7th or 8th year of life, the form 
being slightly higher in boys. It was r 
until about a year before the secondaf, 
sexual characteristics began to appear t 
the titre of follicle stimulating hormo: 
(FSH) in the urine rose, and very shorif} 
after this there was a dramatic rise in tif! 
17-ketosteroid excretion in the male alll 
in the oestrogen and 17-ketosteroid exci } 
tion in the female. They attribute t. | 
earlier production of both hormones 
both sexes to the adrenal cortex and «ff 
not consider that a significant output tak 
place from the gonads until the FSH ti 
in the urine rises. Recently Brown (’5& 
using more refined methods, has cai 
firmed in principle their findings wi 
regard to gonadotrophins, and has sho 
that the ratio of FSH and interstitial c 
stimulating hormone (ICSH) probably dj 
fers in the sexes during the pubertig 
period. 
Our finding that skeletal maturatid 
begins to accelerate in both sexes soni 
years before the secondary sexual chaff 
acteristics appear would suggest that thi 
process is sensitive to the increased actif 
ity of the adrenal cortex which Nathanso 
Towne and Aub (41) postulated at abo 
the age of 8 years. The growth sp 
which preceded the menarche by abo 
18 months, and seemed closely linked wil 
the acquisition of a skeletal maturity sco 
of 16 points for the pelvis in both sexeg 
would appear to be fairly closely synchrf 
nized with interstitial cellular activity i 
the gonads of both sexes. Furthermon 
it is during this pubertal period when tk 
gonadal hormones have been added 
those from the adrenal cortex that tk 
incidence of benign and malignant ne: 
plasia in bone is greatest (Price, ’55, 58] 
In addition to the central hormonal fa 
tors, much of the pattern difference i 
the response of the various parts of thf 
skeleton at puberty must lie in the “taf 
gets” or the epiphyseal cartilages arg 
growth cartilage plates themselves. T 


spect of the problem will probably de- 
,,2nd for its solution upon laboratory work 
|,/1 animals rather than upon observations 
y 1a man. 


Ny 


SUMMARY 


(1) This paper forms the second part 
‘nf a study based on 400 Brush Foundation 
‘yhildren. The data consist of records of 
“ge at menarche; standing heights; and 
‘iadiographs of the hip joint and innomi- 
pate bone assessed for maturity by the 
xford Method. 

‘ (2) It is shown that in girls the puber- 
jal acceleration of stature gain is maximal 
wbout 18 months before the menarche, 
i that in boys at least this acceleration 
{8 Closely followed by the attainment of a 
i{naturity score of 16 points for the innomi- 
jaate bone. Within each sex this accelera- 
jion is much greater for children who 
jyeach puberty relatively early. 

) (3) Although the major acceleration of 
maturation in the innominate bone is 
closely associated with the pubertal accel- 
y2ration of stature, some acceleration of 
j-he maturity score can be seen as much 
(as 5 years before the menarche. 

| (4) In girls the coefficient of correla- 
{tion between the skeletal maturity score 
jand stature is level from the 4th to the 
/8th year of life and then rises to a peak 
jat about age 11. In the early years stature 
appears to correlate more closely with the 
‘maturity score for the femur than with 
‘that for the innominate bone, but later 
the position is reversed. In boys the corre- 
lation is initially lower than in girls, but 
rises to a higher peak in the 15th year. 

_ (5) The acceleration in maturation of 
the innominate bone in each boy occurs 
within 6 months of the major acceleration 
in growth; in girls acceleration in skeletal 
‘Maturity is less sharply associated with 
maximum height acceleration than in 
boys, but a close time relationship between 
the two exists in them also. 

(6) Rapid maturation of the skeleton 
tends to be associated with less than aver- 
age final height. Within each sex this is 
partially offset by an overlap between the 
factors determining the rates of growth 
and maturation, and also by the tendency 
for children with early puberty to under- 
go a more intensive growth acceleration. 
Between sexes, however, these “compen- 


RATES OF MATURATION AND GROWTH AT PUBERTY 


343 


sating” mechanisms do not apply: rapid 
femoral maturation of girls is not accom- 
panied by more rapid growth, nor does 
their earlier puberty entail a greater 
growth spurt than boys. 

(7) The possible hormonal factors re- 
sponsible for these developmental patterns 
are discussed. 
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| DONALD G. VERNALL 


The physical characters of hair have 
ten been given a leading position among 
he attributes used for the classification of 
aman races. Many of the descriptions of 
air features used in the past, however, 


pve been lacking in precision. Only re- 


tly have investigators begun to apply 
j\ore precise measures to human hair char- 
ageters. 

{ The variability which occurs among the 
‘airs from a single person, and among per- 
bns known to belong to the same race, 
ssOWever, presents a serious obstacle to the 
‘se for racial classification of even pre- 
‘|sely measured characters. Considerable 
jncertainty exists about the amount of 
ariability among the hairs of a single per- 
“on as compared to the variability among 
Jersons, and about the variability among 
jersons within a racial group as compared 
ia the variability among racial groups. 

| This study supports and extends previ- 
‘us studies of hair types of human races. 


1 

i: applies a set of measures to the treat- 
jaent of variation in hair characters; and 
lubmits these measures to an analysis of 
variance to determine the amount of varia- 
jon within and among races. 

| 


METHODS 


Collection of sample 


| Hair samples were collected from 86 
lnales who were 20 to 30 years old as fol- 
ows: 20 Chinese who had been born on 
he Chinese mainland; 21 individuals who 
1ad been born, or whose parents had been 
orn, in Great Britain, Germany, France, or 
Jolland; 26 Asiatic Indians who were born 
n India; and 19 Negroids of whom 9 were 
sorn in Nigeria, 9 in the United States, and 
me in Jamaica. 

In no case was any individual excluded 
‘rom the sample on the basis of hair char- 


|. Study of the Size and Shape of Cross Sections 
|£ Hair from Four Races of Men' 
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acter, although no individual was included 
who acknowledged mixed ancestry. 

Each hair sample was cut as close to 
the scalp as possible from the area over- 
lying the external occipital protuberance. 


Preparation of specimens 


Hair samples were cleaned by soaking 
for 24 hours in each of 5 changes of 100 
ml of carbon tetrachloride. The samples 
were blotted with paper towels and _ air- 
dried for several minutes after each im- 
mersion before being placed in the next 
jar of cleaning solution. 

Parlodion was used to embed the hairs 
in preparation for sectioning. The sections, 
cut with the Hardy sectioning device (Steg- 
gerda, 40) and a Gillette microtome blade, 
were mounted on a slide with thin pic- 
colyte. A glass coverslip of “O” thickness 
was applied, and subjected to light pres- 
sure to flatten the curled film of Parlodion. 
The slide was placed in a drying oven for a 
week. 


Measurements 


A research microscope equipped with a 
2mmN.A. 1.30 apochromatic objective and 
15 X compensating eyepiece was used to 
measure the mounted cross section of hairs 
under a magnification of 1350 x. The 
Kohler method (Shillaber, *44; 93-96) of 
illuminating the field was used. A microm- 
eter disc served to measure the lengths of 
the hair axes to the nearest half quadrat of 
the micrometer disc. Each quadrat meas- 
ured 8.2 microns (u) on each side. 

Measurements were made on a single 
cross section of each hair, about 0.5 cm 
from the proximal end. The first 30 cross 

1 This paper represents a condensation of a sec- 
tion of a dissertation submitted in partial fulfill- 


ment of the requirements for the degree of Doctor 
of Philosophy in The University of Michigan. 
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sections of hair encountered in each 
mounted specimen were measured to avoid 
any bias in the selection of hairs. Pre- 
liminary statistical analysis indicated that 
a sample of this size would be adequate to 
measure the variability. 

The shape of hair in cross section is el- 
liptical and varies from a nearly circular 
ellipse with major and minor axes approxi- 
mately equal in length to a more flattened 
type with the major axis twice the length 
of the minor axis. Rare modifications im- 
part a kidney, pear or triangular shape. An 
index, the quotient obtained by dividing 
the length of the minor axis by the length 
of the major, is used as a measure of shape. 
The area of a hair cross section is calcu- 
lated from major and minor axes by as- 
suming that the shape of all hairs ap- 
proaches that of an ellipse, and by using 
the formula (pi D: D./4) for the area of an 
ellipse. 


TABLE 1 


Racial means and their standard errors of length of major axis, length of minor axis, area and in 
of hair cross sections 
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RESULTS 


The measurements of each charac}} 
indicate that much variability occt 
among the hairs from each person, ama 
the persons within each race, and ama 
races (table 1). The measurements haf 
accordingly been subjected to an analy 
of variance (Snedecor, “46: 214-228) 
which reveals that the variability amoaf} 
persons in each race is significantly grea} 
than the within-person variability amaj 
hairs (table 2). | 

Further analysis indicates that, for eaj 
of the 4 traits measured, the variabi 
among the 4 races, here considered, is 
nificantly greater than the variabi 
among the persons within each rag 
(table 2). } 

In an effort to determine which rac@ 
differ significantly from the other rac} 
each group was compared separately wi 


Index 
Major axis Minor axis Area minor axis_ 
major axis 
ue “ uw | 
Chinese 94.28 +3.05 (ASHI a= Oy 119) 5816.9 + 407.2 0.8264+ 0.011 9 
Western Europeans 81.94+2.47 56.74 = 1.33 Sis Sytoyam 11fStos{e) 0.7116+ 0.014 8 
Asiatic Indians 92.94+1.93 66.49 + 1.54 4993.5+ 202.6 0.7292 + 0.011 / 
Negroids 98.23 +2.45 ate opjse IL L897 4648.9+ 255.8 0.5996 + 0.010) 
TABLE 2 
Results of analysis of variance of the measurements of hair sections 
F val i 
; required for F values obtained 
egrees 0 7 
Tests freedom Plevels ge wan cps das I 
. . rea Index 
ae eo es 
Within races: 
Chinese 19/580 1.61 1.94 18.952 19.512 30 
; : i .802 2 
Western Europeans 20/609 1.59 1591 12.452 Ie 262 13.472 ee | 
Asiatic Indians 25/754 152, 1.80 9.452 16.722 14.862 8.702 
Negroids 18/551 1.63 OT 13.642 19.442 23.142 8.382 
Among all 4 races 3/82 272 4.03 7.772 26.93? 9.45? 53.372 
Between races 
Chinese—W. Eur. 1/39 4.09 1.33 10.102 65.872 
i 4 ‘ : : 28.102 2 | 
Chinese—As. Ind. 1/44 4.06 eA: 0.02 60.432 3 os anon 
Chinese—Negroids 1/37 410 7.37 1.01 41.522 6.07! 202.152 
W. Eur.—As. Ind. 1/45 4.06 TeePs 12.872 21.992 18.642 0.97 
WwW. Eur.—Negroids 1/38 4.10 TEs 22.102 0.62 (eta 37.722 
As. Ind.—Negroids 1/43 4.06 7.26 2.95 54.002 1.14 65.762 


1 Shows significance in the 0.05—-0.01 probability range. 
? Shows significance beyond the 0.01 probability range. 
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| HAIR CROSS SECTIONS FROM FOUR RACES 


ich of the other groups in regard to the 
jirious traits. 


Length of major axis 


th | The mean length of major axis for the 
airs from any one person ranges from 
[3-49 + 2.46 u for a Western European 
» 125.00 + 4.30 for a Chinese. The vari- 
{aces of the length of the major axes of the 
Jair sections from each person range from 
“(2.092 for a Negro to 726.520 for an Asi- 
“tic Indian. 

| So far as length of major axis is con- 
“ayned, Negroid hairs are on the average 
“he largest; Western European, the small- 
‘Ist; while Chinese and Asiatic Indian hairs 
re intermediate in size (table 1). The 
\\ifference between Western Europeans and 
lach of the three other groups is signifi- 
Sant, although these other groups do not 
“iffer significantly from each other in this 
ilespect. 


| 


Length of minor axis 
nly 


‘ The mean length of minor axis for the 
10 hairs from any one person ranges from 
£3.05 + see u for a Western European 
Jo 100.18 + 2.99 for a Chinese. The range 
of the ee -person variances from 25.428 
for a Negroid individual to 313.478 for an 
‘Asiatic Indian indicates further the vari- 
{bility among individuals for this trait. 
| If length of minor axis is used as the 
briterion, the Chinese have on the average 
he largest hairs and Western Europeans 
the smallest (table 1). Asiatic Indians are 
in general intermediate between these two 
lsxtremes. The Western European and 
Wegroid subjects are similar to each other 
land are the only pair which do not differ 
significantly in regard to length of minor 
axis. 


Cross-sectional area 


The person whose hairs have the small- 
est mean cross-sectional area is a Western 
European with a mean of 2017.4 + 122.7 
uw. The hair sections with the largest 
mean area are from a Chinese and meas- 
ure 10105.2 = 535.0 uw’. The within-person 
variances for area of hair sections range 
from 362,163 for a Negro to 8,585,186.5 
for a Chinese. 

Hairs from Chinese have the greatest 
mean area (table 1); those from Western 
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Europeans, the smallest. The cross-sec- 
tional areas of Asiatic Indian and Negroid 
hairs are similar to each other, but inter- 
mediate between those of the Chinese and 
Western European hairs. The differences 
between the Western Europeans and the 
other three groups are significant. The 
Negroid subjects differ from the Chinese at 
the 0.05 level of significance. The Asiatic 
Indian sample, however, does not differ 
significantly from the Chinese nor from 
the Negroid samples. 


Index of hair cross sections 


The hair index provides another meas- 
ure of the combined effect of the major and 
minor axes and is used as a reflection of 
the shape of the cross section of the hair. 

The smallest index measured in this 
study is 0.50 which is the index of a hair 
with the shape of a flattened ellipse and 
with a major axis twice as great as the 
minor axis. The largest index measured is 
1.00. In such hairs the shape of the cross 
sections closely approximates that of a 
circle. This range is in agreement with 
those reported by Danforth (’25) and Kne- 
berg (35). 

The smallest mean obtained from the 
indices of the hairs from any single person, 
a Negroid subject, is 0.5370 + 0.0078, and 
the largest within-person mean index is 
0.9146 + 0.0129 for a Chinese. The with- 
in-person variances for the index range 
from 0.0018 to 0.0221. Both of these in- 
dividuals belong to the Negroid group. 

As measured by the index (table 1), the 
Chinese hair sections are the most nearly 
circular in shape; the Negroid sections are 
the most flattened; and the Western Euro- 
pean and Asiatic Indian hair sections are 
intermediate in shape. The latter two 
groups do not differ significantly from each 
other, but all other differences between 
races in regard to hair index are statisti- 
cally significant. 


DISCUSSION 


The methods for obtaining, sectioning, 
and measuring the hairs were designed to 
secure samples suitable for statistical treat- 
ment. Sampling was restricted to subjects 
between the ages of 20 and 30 years in 
order to minimize the effect of age on hair 


348 


character (Trotter, 30; Duggins and Trot- 
ter, 51). Between these ages, the amount 
of variation in hair character due to age is 
slight (Trotter and Duggins, 48). The 
possible variability in hair characters due 
to the difference in the sex of the subjects 
(Trotter and Dawson, 734; Steggerda and 
Seibert, 41) was avoided by measuring 
hair specimens from males only. Measure- 
ments were made on a single cross section 
taken from approximately the same area of 
each hair in an effort to minimize the vari- 
ation that occurs in each hair throughout 
its length from base to tip (Kneberg, ’35; 
Garn, *46). 

The Chinese, Asiatic Indian, Western 
European, and Negroid individuals who 
supplied the hair samples for this study 
may not be a random sample of their 
respective populations, as most of the sub- 
jects were university students. Conse- 
quently, the racial differences here ob- 
served cannot be extended to the whole 
populations of these 4 races. Nevertheless, 
bias was avoided so far as possible in tak- 
ing the hair samples and it is believed that 
they do represent adequately the individ- 
ual and the series of individuals measured. 
Consequently, it is believed that the differ- 
ences between the races shown by these 
measurements indicate the type of racial 
differences in hair characters which ac- 
tually occur. 


Chinese 


Although the Chinese rank second in 
regard to length of major axis, they have 
on the average the largest hairs of the 4 
groups in terms of length of minor axis and 
area of cross section. They differ signifi- 
cantly only from the Western Europeans 
so far as length of major axis is concerned, 
while in terms of length of minor axis they 
differ significantly from each of the other 
groups. In terms of cross-sectional area, 
they are, again, significantly different from 
Western Europeans, but differ from Ne- 
groids at only the 0.05 level and from Asi- 
atic Indians not at all. 

The shape of the cross sections of hairs 
of the Chinese is more nearly circular on 
the average than that of any of the other 
races. The mean index for the Chinese is 
0.8264 + 0.0117 and is significantly differ- 
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ent from that for any other race. Woc 
bury and Woodbury (’32) obtained indic}} 
for North American Indian tribes that, ; | 


in the present study for the Western Eun}} 
pean, Asiatic Indian, or Negroid groups. }} 


Western European 


The Western Europeans have on tif} 
average the smallest hairs in cross sectiaj} 
of the 4 races here considered (table 1} 
This holds true for length of major axifj 
length of minor axis, and, concomitantl}j] 
the area. The differences are significant i} 


length of minor axes between Westef! 
European and Negroid samples. i} 

The shape of the cross section of ha 
from Western Europeans is on the averag 
like that of hair from Asiatic Indians, a 
intermediate between that of Chinese hag; 
and that of Negroid hair. The Westez 
Europeans do not differ significantly frojf 


0.01 level of significance. 


Asiatic Indians 


The cross sections of hairs from Asiat 
Indians are generally intermediate in sit 
relative to the other groups. They are sil 
nificantly larger than those of Westeul 
Europeans in all three measures of siz# 
They exceed the cross sections of Negr 4 
hairs in length of minor axis (differend 
significant at the 0.01 level) and in are@ 
(difference not significant) but are s 
passed by those of Negroid hairs in lengt 
of major axis (difference significant at th 
0.01 level). Cross sections of hair fro 
Asiatic Indians are out-ranked by tho 
from Chinese in regard to all three meaj 
ures of size, although, except for diffe 
ences in length of minor axis, these dij 
ferences are not significant. 

Basu (’41) in a study of 50 adult mal 
Noluas of Bengal reported a mean cros# 
sectional surface of 0.00315 mm? whic# 
differs considerably from the mean ared 
obtained in this study, 0.0049 mm’. Suc} 
a difference, however, might be anticipated 
since Basu’s Noluas are a small isolated 
subsample of the Asiatic Indians as a 
whole. 
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‘\ The shape of the cross sections of hair 
‘rom Asiatic Indians does not differ sig- 
‘uificantly from that of Western Europeans 
‘(table 2). Both of these groups have hair 
Yvhich is intermediate in shape of cross 
‘ection between those of the Chinese and 
\jNegroid groups, and these differences are 
jignificant. Basu (’41) obtained a mean 
jndex of 0.774 for hair samples from the 
#Bengalese Noluas, a value intermediate be- 
“Hween the mean index, 0.7292 + 0.0112, 
pbtained here for the Asiatic Indians, and 
).8263 + 0.0117, the mean index obtained 
4nere for the Chinese. 


Negroids 

The cross sections of hairs from Negroid 
bubjects have the longest major axes, on 
the average, of all the groups here con- 
‘sidered, although they differ significantly 
‘nly from Western European hair cross 
sections in regard to this characteristic. 
When the other measures of size are con- 
4 sidered, it is found that the Negroid sample 
js outranked by the Chinese and Asiatic 
Hndian groups but exceeds the Western 
European. Most of these differences are 
significant (table 2). 

The elliptical shape of the cross sec- 
itions of Negroid hairs is in general the 
imost flattened of those of the 4 races, and 
‘consequently the average index for the 
iNegroid sample is the smallest. Further- 
imore, the differences between the Negroid 
(group and each of the other racial groups 
ware significant at the 0.01 level, so that 
shape of cross section is apparently a more 
juseful criterion for distinguishing Negroid 
hairs than is any single measurement of 
‘size. These results are in agreement with 
jthose reported by Steggerda and Seibert in 
141. 


—— 


SUMMARY 


Measurements were made of cross sec- 
itions of 30 hairs collected from the occip- 
ital region from each of 86 males, 20 to 
30 years of age. Of this group, 19 are 
\Negroid; 26 are Asiatic Indian; 21 are 
“Western European; and 20 are Chinese. 

Among the hairs from each person, vari- 
ability is high for all the characters meas- 
ured: length of the major and minor axes 
of the cross section, cross-sectional area, 
and cross-sectional shape. 
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Among those persons of each racial type, 
variability also is high for all of these 
measures. Highly significant F values were 
obtained from an analysis of the among- 
person and within-person variability within 
each of the 4 racial groups. 

Among the races included in the study, 
variability, for each of the traits measured, 
is significantly greater than the variability 
among persons within each race. Racial 
differences consequently do exist within 
this sample for each attribute. 

Chinese have, in general, the largest and 
most nearly round hairs of the 4 races 
measured in this study. 

The Western Europeans included in this 
study have, on the average, the smallest 
hairs in cross section of the 4 groups. 

The Asiatic Indian hair sections ex- 
amined in this study are indistinguishable 
in shape from those of the Western Euro- 
peans. Both are intermediate between the 
most nearly circular Chinese hair sections 
and the Negroid hair sections, which were 
most flattened in shape. In size of cross 
section, hairs of Asiatic Indians were ex- 
ceeded by those of the Chinese in all re- 
spects and by Negroid hairs so far as length 
of major axis is concerned. 

The flattened elliptical shape of the Ne- 
groid hair sections is their most character- 
istic feature. In mean length of major 
axis, they are not significantly different 
from the Chinese nor from the Asiatic In- 
dians. In the mean length of the minor 
axis, they are not significantly different 
from the Western Europeans. In mean 
area, they are not significantly different 
from the Asiatic Indians. 

It is believed that the differences be- 
tween the races shown by these measure- 
ments indicate the type of racial differ- 
ences which actually occur in hair char- 
acters. 
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| Gardner and MacAdams (734) and Reed 
|52) have shown that although the mean 
}yectrophotometric reflectance curves of 
}:d and non-red human hair differ in form, 
jie variation within color groups is so great 
1at individual hair samples may not be 
tliably classified with respect to color. 
|anna (756) found that colorimetric meas- 
jrement of pigment concentration could 
listinguish between light and dark non-red 
human hair, but again would not permit 
iscrimination for individual hair samples. 
jhus all attempts to devise a quantitative 
iethod for the classification of human hair 
jolor have ended in failure. 

| The present study examines the distri- 
jution of spectrophotometric absorption 
jurves obtained for pigment solutions from 
ed samples of non-red hair from the 
juman population. Although it fails to 
jrovide an objective method for the dis- 
irimination of non-red hair colors, the 
itudy provides evidence suggesting that 
jotal pigment concentration may be a 
jnajor determinant of visible hair color and 
/onsequently a valid measure of color dif- 
ference. Certain inconsistencies appear 
)mong the data which provide a basis for 
jpeculations regarding the origin of hair 
}olor differences in man. 


MATERIALS AND METHODS 


Hair samples of approximately 100 to 
300 mg each were cut from the crown of 
he head of each of 254 individuals (127 
inrelated twin pairs) attending Chicago 
1igh schools during the school year 1942— 
1943. Before cutting, the hair of each 
ndividual was classified with respect to 
solor by Dr. R. M. Snodgrasse, using the 
Jaarfarbentafel of Fischer (07). The hair 
samples were stored in the dark in sealed 
mnvelopes. When the present analysis was 


omparative Spectrophotometric Absorption of the 
jigments from Non-Red Human Hair’ 


University of Chicago, Chicago, Illinois and Medical College of Virginia, 


started, 60 of the hair samples were picked 
at random and without knowledge of the 
color grade previously assigned, were again 
classified according to Fischer’s scale by 
the present investigator. Because no sys- 
tematic color changes were found it was 
concluded that there had been little or no 
alteration of the hair color during storage. 
The grades assigned at the time of collec- 
tion have been assumed correct and are 
the ones referred to throughout this report. 
Additional hair samples were obtained by 
the same sampling method from students 
at the University of Chicago from 1949 to 
1951 and were assigned grades by the pres- 
ent investigator. 

Spectrophotometric analysis has been 
made of the hair of 40 pairs of same-sex 
dizygous twins, 39 pairs of monozygous 
twins and 24 unrelated individuals. In the 
present study the hair of only one of each 
pair of monozygous twins is included in 
order to avoid bias to the within-grade 
variation. Both members of a dizygous pair 
are included only if the hair of the two 
members is not of the same color grade. 
Hair samples which could not be definitely 
classified into one of the Fischer grades are 
not included. The 94 hair samples reported 
here are from 34 unrelated monozygous 
twins, 39 dizygous twins and 21 non-twins. 
Fischer’s Haarfarbentafel is a visual stand- 


1 The major portion of these data were collected 
during the tenure of a National Cancer Institute 
Fellowship at the University of Chicago. Addi- 
tional experimental work and analysis at the 
Medical College of Virginia was supported in part 
by grants from the A. D. Williams Research Fund. 

2Present address: National Institutes of 
Health, U. S. Public Health Service, Department 
of Health, Education and Welfare, Bethesda, 
Maryland. 

3 Hair samples were collected in conjunction 
with a study of mental traits in twins (T. G. 
Thurstone, L. L. Thurstone and H. H. Strandskov). 
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ard consisting of 30 samples of artificial 
hair arranged in series according to in- 
creasing color intensities. The gray-black 
series ranges from very light gray (grade 
No. 21) to intense black (nos. 27-30); no 
shade has a yellowish or reddish compo- 
nent. The yellow-brown series extends 
from off-white (grade No. 20) to dark 
brown-black (no. 4) with many colors hav- 
ing a reddish component. The hair sam- 
ples reported here are distributed among 
the Fischer grades as follows: 


Yellow-brown series 


Grade Color (Fischer ) Number 
4 Dark brown-black 20 
5 Brown-black 17 
6 Nut brown 3 
7 Brown D 
8 Light brown 6 
9 Golden brown i 
10 Light golden brown 2 

Gray-black series 

Grade Color (Fischer ) Number 
23 Wood-ash gray 2 
24 Dark ash gray 1 
25 Mouse gray 16 
26 Dark gray 8 
PUT Black 10 
28 Black (curled) 3 


The methods of extracting hair pigments 
and of obtaining spectrophotometric read- 
ings are given in detail elsewhere (Hanna, 
53). Briefly the method is as follows. In- 
dividual hair samples were washed in a 
solution of neutral detergent, were dried, 
and were then defatted with cold distilled 
ether for 8 hours in an Underwriter’s type 
extraction apparatus. Following drying, 
duplicate 50 mg samples were weighed and 
were hydrolyzed with 25 ml of 0.2 N po- 
tassium hydroxide by boiling under reflux 
for about two hours. The solutions, con- 
taining hydrolized hair keratin and pig- 
ments, were returned to volume and were 
read immediately against standard solu- 
tions of hydrolized pigment-free nail kera- 
tin. The preparation and characteristics of 
the keratin standards have been given ear- 
lier. Hair pigments have been shown re- 
peatedly to follow Beer’s Law in the visible 
light range. Readings were made with a 
Coleman Junior spectrophotometer, Model 
6-A, using matched cuvettes. Three inde- 
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pendent readings of each solution wif) 
made at wave length 400 mu and two } 
dependent readings at every 50 mu fre 
450 to 700 mu, giving a total of 7 mej} 
optical density estimates in the visi} 
light band. The present report is based }} 
the optical densities at only 5 of these wa 
lengths; 450, 500, 550, 600, and 650 nj 
Eight samples (4 individual hair samprf 
in duplicate) and a keratin standard sa 
tion were prepared and read at one tin 
The samples were randomized before 4 
beginning of the study and the solutic 
were read at random in order that subjif 
tive bias might be reduced to a minimulf} 


RESULTS 


The mean optical densities of the sa 
tions of pigment from hair of 13 colors: 
5 wave lengths in the visible light band <f 
given in table 1. Grades 9 and 24 ea | 
contain only a single individual and af 
given at the bottom of the table. The 
sults obtained for these two color graq 
will not be considered further. Gradeg{i 
and 27, which contain hair samples fr 
both Caucasians and Negroes, are s 
divided in the table. Dark hair colors 
pear to have a greater total pigment c 
centration than do lighter hair colors, 
indicated by their greater optical densit@ 
at all wave lengths. The variation in o 
cal densities is, in general, greater am 
the dark than among the light colors. 
Negro hair samples appear to have grea 
pigment concentration and greater vari 
tion at all wave lengths than do Caucasi 
samples of the same visual color gra 
(nos. 4 and 4N, 27 and 27N). These « 
servations confirm previously reported 
sults based on colorimetric examination) 
hair pigments at a wave length of 400 w 
(Hanna, 56). 

The variances estimating variation 
reading samples (¢,’), variation resulti 
from errors in sampling and in the prepalf 
tion of pigment solution (o.?) and variatiifl 
among individuals in the sample (o,°) aff 
given in table 2 for each of the 5 wa 
lengths. The 4th and 5th columns of tal 
2 give estimates of the percentage of the } 
tal variation at each wave length which: 
the result of all errors (column 4) and 
percentage of the total error variati 
which is the result of reading errors (cj 
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TABLE 1 


jfean optical densities, standard deviations and standard errors of the mean optical densities of 
solutions of pigment from hair of various color classes (Fischer, °07) at 5 wave lengths of 
visible light. The tabulated values give the distributions of the means of two 
sample optical densities from each of N individuals in each color group. 


Wave length in mu 


450 500 550 600 650 
Mean Mean M M M 
and SE SD and SE SD amd SE sD and SE sD SpSE sD 
0.282 0.068 0.209 0.053 0.161 0.046 0.126 0.039 0.097 0.033 
(010) 07/ ae O) (O18 a= (0) (0) 192 +0.010 + 0.008 
|4N 4 0.388 0.189 0.289 0.130 0.213 0.086 0.160 0.058 0.120 0.038 
+ 0.095 + 0.065 + 0.043 + 0.029 + 0.019 
I 
iD 17 0.206 0.064 OMS 5102053 0.118 0.044 0.092 0.036 0.071 0.030 
| ==i(0)(0)1155 baal OO Ee} == 0; 00h) + 0.009 + 0.007 
16 3 0.252 0.002 0.174 0.001 0.124 0.001 0.089 0.001 0.073 0.000 
+0.001 + 0.001 + 0.001 +0.001 
7 3) 0.157 0.051 0.114 0.041 0:083° 01032) 0.064 0.026 0.048 0.021 
I ==10,023 +0.018 == 0/014 + 0.012 + 0.009 
8 6 0.173 0.026 0.119 0.021 0.087 0.020 0.063 0.016 0.047 0.012 
a, Ont! + 0.009 + 0.008 = 0.006 + 0.005 
0 2 0.134 0.001 0.091 0.001 0.066 0.000 0.051 0.037 
| + 0.001 +0.001 
i 13 2: 0.061 0.001 0.047 0.000 0.036 0.030 0.020 
hs 16 0.149 0.061 0.109 0.047 0.083 0.039 0.065 0.032 0.049 0.025 
i +—.0:015 == 0-012 == 070010 + 0.008 + 0.006 
“26 8 On NOM OL02 77 OO 7S 0.020 0.054 0.018 0.041 0.013 0.030 0.010 
mn + 0.010 + 0.008 + 0.006 + 0.005 + 0.004 
(P7 bo) 0.384 0.049 0.316 0.049 0.261 0.050 0.215 0.046 0.175 0.042 
| + 0.022 + 0.022 + 0.022 + 0.021 +0.019 
27N 5 0.484 0.108 0.389 0.109 OVBTOMONOS OD S1OL095 0.200 0.081 
+ 0.048 + 0.049 + 0.046 + 0.042 + 0.036 
bs 3} 0507 03258 0.386 0.229 0.290 0.193 0.221 0.160 0.168 0.128 
1 + 0.097 + 0.086 as (OKO) + 0.060 +0.048 
‘9 1 0.171 0.123 0.089 0.066 0.047 
‘a 1 0.049 0.037 0.026 0.019 0.014 
TABLE 2 
Variation resulting from colorimetry (0,2), sample measuring error (¢;”) and among individual 


variation (c:2) estimated from observations on 94 hair samples at each of 5 wave lengths 


MICA Ge = OU Ss IY (CK WO) 
Mean o,? = 8283 +123 (x 107°). 
Mean o;2 = 205219 + 59426 (x 107°). 


‘umn 5). The mean reading error is 2.5% 
‘and is constant at all wave lengths. Anal- 
ysis of variance of the differences among 
triplicate readings at 7 wave lengths taken 
on 16 different hair samples indicate that 


: Wave Variance (x 10-8) wae hes 

| ay, a2 oe ap due to due to 

7 ig e all errors reading 
450 243 8645 404931 Dh WSS DTD 
500 244 8373 263352 Sali) 2.83 
550 230 7929 173925 4.72 DATE 

600 152 8076 111215 6.89 1.85 

| 650 206 8390 72671 10.07 D538 


the error between wave lengths is less than 
the error between successive readings of the 
same sample at one wave length [Fvse,.112 < 
1.0; P > 0.05]. Although the error variation 
does not differ significantly at different 


354 


TABLE 3 


Regressions of the logarithms of optical density on wave length in mu of various hair color 
grades. x is the mean wave length (= 550 mp); Y the mean logarithm of optical density 
at x —X; SE7z the standard error of Y; b the coefficient estimating the slope of the 
regression line; and SE, the standard error of the regression coefficient. 
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meee Ni y SE; b SE» 
4 80 0.1965 + 0.0143 —0.00236 + 0.00020 
4N 20 0.3036 + 0.0380 —0.00243 + 0.00017 
5 85 0.0488 + 0.0185 —0.00239 + 0.00026 
6 15 0.1079 + 0.0079 —0.00280 + 0.00011 
7 25 —0.0985 + 0.0354 —0.00264 + 0.00050 
8 30 —0.0646 + 0.0191 —0.00287 + 0.00027 
10 10 —0.1649 + 0.0077 —0.00275 + 0.00011 
23 10 —0.4438 + 0.0128 —0.00238 + 0.00018 
25 80 —0.1115 + 0.0204 —0.00246 + 0.00029 
26 40 —0.2709 + 0.0221 —0.00286 + 0.00031 
27 25 0.40922 + 0,0201 —0.00174 + 0.00028 
27N Pn) 0.4675 ae 0.0382 — 0.00209 aE 0.00017 
28 15 0.4115 + 0.0777 —0.00263 + 0.00110 


1The number of observations is equal to the number of individuals in a color grade 
times the number of wave lengths at which readings were obtained. 


wave lengths, the variation among individ- 
uals decreases to such a degree at the red 
end of the spectrum that the relative 
amount of total error increases from 2.2% 
at 450 mu to over 10% at 650 mu. 

The logarithm of mean optical density 
(xX 10) was taken as the dependent vari- 
able for the estimation of regression coef- 
ficients. This transformation was made in 
order that the relationship between this 
variable and wave length might be linear 
as reported by Spiegel-Adolph (’37) and 
Daniel (38). The mean logarithm of 
optical density (y) and the estimated slope 
of the regression line (b) together with 
their standard errors are given for each of 
the color groups in table 3. All of the re- 
gression coefficients differ from zero at the 
0.01 level except that of color grade 28, 
which differs at the 0.05 level. 

To determine whether the slope of the 
regression line is independent of the pig- 
ment concentration of a solution, the cor- 
relation between the mean logarithms of 
optical density and slope was calculated 
from two different types of data. A cor- 
relation of + 0.46 was obtained between 
mean optical density and regression line 
slope for the 13 color grades studied. In 
addition, serial dilutions were made of pig- 
ment solutions from 4 dark hair samples 
(Grade 27) and spectrophotometric read- 
ings were obtained. The mean logarithms 
of optical density and the slopes of regres- 


sion lines of these 4 samples at each off 
dilutions are given in table 4. The corre! 
tion between optical density and slope} 
—0.39 for these differing concentrations 
pigment from the same hair sampl 
Neither of these correlation coefficie 
deviates significantly from zero at the 0. 
confidence level. There is no evidence fr 
these small samples that the slope of t 
regression line is related to the concent 
tion of hair pigments in the solution. 
The logarithms of optical density of co 
classes 27 and 8 plotted against wai 
length are shown in figure 1. The reer 
sion lines have been reduced to a comm 
origin at } = 450 mu to facilitate comp 
son. This figure illustrates the range wi 
in which all of the hair color regressid# 
lines occur, since grades 27 and 8 half 


TABLE 4 


Logarithms of mean optical densities (Y) aj 
regression coefficients (b) of serial dilutions 
of pigment solutions from dark hair 
samples. The unit concentration was 
obtained by the hydrolysis of 
50 mg of fat-free hair in 
25 ml 0.2 N KOH 


Concentration y bit 
1 0.8348 — 0.00 
V2 0.5624 — 0.00 
1/4 0.2661 — 0.002 
1/8 — 0.0374 — 0.00 
1/16 — 0.2909 — 0.00! 
Typ = — 0.3864 iP10205 


respectively 
} slopes. 
} slope differences, the color class having the 
| least slope (27) was assigned zero slope, 
and each of the other color classes was 
'then given a slope proportional to this. 
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of Fischer grades 27 and 8. 


the smallest and _ greatest 
In order to better illustrate the 


These proportional slopes, unrelated to pig- 
ment concentrations in the various color 
grades, are illustrated in figure 2. 

To determine whether the observed 
slopes of the regression lines of various 


color grades differ significantly, each re- 


gression coefficient (b) has been compared 


with every other one. A valid comparison 
-may be made only if the variances of the 


within-grade coefficients are independent 
estimates of the variation within the popu- 
lation from which the various color classes 
are drawn. The homogeneity of the vari- 
ances was tested by the method of Bartlett 
(37), omitting the variances of grades 28 


The regression of log optical density on wave length for pigment solutions of hair 


and 7, which appear to be grossly out of 
line with the other estimated variances. 
Even when these are omitted a x’ value of 
37.71 is obtained. With 10 degrees of 
freedom, this value indicates a probability 
of less than 0.01 that the remaining color 
classes are drawn from the same popula- 
tion. The variation of individual regression 
coefficients were therefore compared with 
each other using the F test for the compari- 
son of variances. The variance (o*) of 
grade 28 was found to be significantly 
greater at the 0.01 level than that of any 
other grade. The probabilities of similarity 
between variances for the other color 
grades are given in table 5. It should be 
noted that previous results (Hanna, 756) 
indicate that the error variation in the 
color classes may not be of the same mag- 
nitude. The variation in regression line 
slope in the color classes appears to be 
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Fig. 2 The relative slopes of regression lines for hair of different colors, plotted with the 
darkest hair (no. 27) assigned zero slope. 


TABLE 5 


Probabilities that the variation about the regression lines (ov*) of various hair color grades 
are of the same magnitude. The probabilities are given only for those comparisons 
for which the variation in the two color groups differ significantly, Based 
upon the F test (F = op;?/on22); color grades arranged in order of 
increasing pigment concentration. 


Color 
oe Color grade having lesser mean square - 
a 26 10 25 8 5 6 4 4N 27 27N 
square 
26 0.01 0.01 0.01 0.01 
95 0.05 0.01 0.01 0.01 
7 0.01 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.01 
8 0.05 0.05 0.05 0.05 
5 0.05 0.05 0.05 0.05 
PATE 


0.05 0.05 0.05 0.05 


{ 


unrelated to mean optical density (r= + 
0.04). In grades 4 and 27 the variation 
among Negroes is less than among Cau- 
casians, although not significantly so for 
grade 4. 


The slopes of the regression lines (b 


values) were compared with the t test. The 


probabilities of similarity are given in table 
6. The decrease among individual varia- 
tion at longer wave lengths (noted above) 


iresults in part from greater error of the 


spectrophotometer when measuring low 
optical densities. Although this error is 


|greater for hair colors having low pigment 
|concentration, it is seen (table 4) that 


these are the colors having greater rather 


)than lesser slope. The truncating effect of 


this machine error thus biases these data 


in favor of the null hypothesis. The esti- 


mated probabilities given in table 6 may be 
greater than would be obtained in the 
absence of this error. Two of the nine sig- 


inificant differences occur between groups 
| having significantly differing variation (be- 


tween grade 27 and grades 4N and 6). It 


‘may be said with confidence only that the 
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regression coefficient of grade 27 differs 
from those of grades 8, 10 and 26 and that 
of grade 27 N from those of the same three 
grades plus grade 6. It appears that only 
the grades with greatest and least slope 
may be differentiated by this method. 
The observed differences in slope may be 
attributed to one or more of the following 
found among hair of different color groups: 
(1) differences in the chemical nature of 
the pigments; (2) differences in the mean 
size of the pigment granules; (3) differ- 
ences in the nature of the conjugant pro- 
teins or (4) differences in the nature of 
the residual hair proteins in the test sus- 
pensions. The latter two of these possible 
differences could not be demonstrated. 
Following spectrophotometric analysis the 
melanin granules from 8 light brown and 8 
dark hair samples were precipitated by the 
addition of 6 N HCl and were removed by 
centrifugation. Analysis of the superna- 
tents revealed no systematic differences in 
absorption curves. The results are sum- 
marized in table 7. The precipitated gran- 
ules were redissolved by heating with 0.2 N 


TABLE 6 


Probabilities that the coefficients of regression of the logarithms of optical density on wave 
length of various hair color grades are of the same magnitude. Probabilities are 
given only for those comparisons for which the coefficients differ 
significantly. Grades arranged in order of increasing 
regression line. 


gerade 27N 4 23 5 4N 25 28 7 10 6 26 8 
27 0.05 0.01 0.01 0.05 0.01 
27N 0.01 0.01 0.05 0.05 

TABLE 7 


Analysis of optical densities of supernatants from pigment solutions from light 
brown and black hair 


O.D. at \ = 
N= 450 500 550 600 650 

Light brown 8 0.0458 0.0196 0.0103 0.0066 0.0053 

Black 8 0.0436 0.0170 0.0086 0.0053 0.0051 

Sum of pene 

Variaton d.f. squares sq a 
Within samples among wave lengths 64 0.0175640 0.274438 
Among samples within colors 14 0.0005598 0.039986 
Among colors il 0.0000450 0.045000 

Total 79 0.0181688 


F 1,14) — 0.889, P > 0.05. 
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KOH and absorption curves obtained. No 
changes in the absorption curves of the 
pigments were seen at this time or follow- 
ing a second precipitation. 

The logarithm of optical density ex- 
pected at 4 = 450 mu has been calculated 
from the regression equation for each color 
grade. The values are compared with the 
mean logarithms of the observed optical 
densities in table 8. The observed and ex- 
pected values do not differ greatly. To de- 
termine the relative importance of concen- 
tration and regression slope in determining 
the expected values, the logarithmic values 
expected if (1) only the type of pigment 
present effects the estimate (y constant 
for all color classes) and (2) only the pig- 
ment concentration effects the estimate (b 
constant for all color grades) were calcu- 
lated for each grade. Their values are 
given in columns C and D of table 8. The 
relative variation is reduced considerably 
more when concentration is held constant, 
suggesting that differences in the natures 
of pigments may play a relatively minor 
role in determining the observed optical 
density at a given wave length. Colori- 
metric readings in the visible light range 
therefore give good estimates of total pig- 
ment concentration. 


TABLE 8 


Logarithms of optical density at 450 mu calculated from the regression coefficients of 
individual hair color grades when both concentration and regression slope are 
allowed to vary (column B), only regression slopes allowed to vary 
(column C) and only concentration allowed to vary 
(column D), 
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DISCUSSION 


Since the percentage of total variatid 
resulting from error is independent of tot} 
pigment concentration (Hanna, ’56), tiff 
greater within-grade variation in concef} 
tration observed for visibly dark cola} 
must result either from (1) greater heter 
geneity with respect to the residual hydr 
lyzed material which is found in solutio#} 
of dark hair or (2) greater heterogeneif 
of the pigment granules themselves. Bf 
cause the experimental evidence fails } 
suggest a difference in the structural mat# 
rial of light and dark hair (table 7), it 
concluded that the pigment of dark hair 
more variable. | 

Although only the visibly darkest anf} 
lightest hair colors may be differentiateg 
on the basis of regression lines, colors «ff 
the yellow-brown series have, with one eff 
ception, slopes greater than any color «ff 
the gray-black series except no. 26 (tabi 
3). The one exception includes those ye 
low-brown colors considered by Fischer 
have a black component (nos. 4 and 5] 
Although no significant correlation b 
tween slope and concentration can be der 
onstrated among the 13 color grades, t 
slopes of both the browns and the blacl 
appear generally to decrease with increa;} 


Mean of Expected logarithm of optical density 
Galen Jogeatti = 
grade © cpu: ee y constant b constant 
density (B) (C) (D) 
4 0.43811 0.43211 0.29644 0.44541 
4NnN 0.54824 0.54629 0.30354 0.55249 
5) 0.29263 0.28741 0.29944 0.29771 
6 0.40053 0.38750 0.34044 0.35680 
7 0.17310 0.16518 0.32454 0.15038 
8 0.23278 0.22220 0.34764 0.18430 
10 0.12646 0.10999 0.33574 0.08399 
23 0.21254 — 0.20617 0.29844 — 0.19487 
25 0.14091 0.13427 0.30664 ONS737 
26 0.03141 0.01495 0.34664 — 0.02145 
27 0.58152 0.58292 0.23454 0.65812 
27N 0.67536 0.67614 0.26944 0.71644 
28 0.67456 0.67433 0.32364 0.66043 
Mean 0.31562 0.30978 0.30978 0. 
S.D: 0.26755 0.26950 0.01023 ae 
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|ing concentration. The slopes of gray hair 
“appear, conversely, to increase with in- 
‘iicrease in concentration. The machine error 
/jof the spectrophotometer is such that the 
‘ghobserved optical densities of light colored 
‘pigments are relatively higher than are 
‘athose of the dark pigments at long wave 
\i}lengths. This may explain, in part, the in- 
\@,erease in observed slope with concentration 
win the gray hair samples, but would indi- 
\jcate that the true slopes of the light brown 
\| samples may be greater than observed. No 
evidence is adduced to support the hypoth- 
i)esis that the conjugant proteins in light and 
i}dark hair pigment granules are of impor- 


nins and pheuoxazono pigments may not 
be independent in insects. The present 
data fail to provide evidence concerning 
the dependence or independence of dark 
and red pigment production in man. 
Although visibly black hair (no. 27) was 
found to have a slope differing signifi- 
cantly from that of light brown hair colors, 
this difference appears to have little value 
as an aid in the objective classification of 
color. Gardner and MacAdams (’34) ob- 
served that the spectrophotometric reflec- 
tance curves of black and brown hair dif- 
fer, but noted that within either group it is 
not possible to distinguish among grada- 


df 
iy 
it 
: 
i 
i) 


i 


oe 


tance in effecting differences in regression 


line slope. 


Barnicot et al. (55) have found pig- 


,;ment granule size and morphology to be 


distinctly different in human hair of differ- 
ent colors. In general, dark pigment gran- 
ules are larger and more ovoid in shape 
than are brown or reddish granules. These 
large granules should, in suspension, lead 
to a greater amount of Tyndall scattering 
in the spectrophotometer. All other things 
being equal, we should then expect the 
pigments from dark hair to have a meas- 
urable optical density at the blue end of the 
spectrum considerably higher than light 
hair pigments, and consequently to have 
greater regression line slopes. Since the 
dark pigments do not have greater slope, 
it is probable that pigment granule mor- 
phology is not the most important factor 
affecting the slope. 

If the true difference in regression line 
slope between dark and light brown hair 
pigments is as great or greater than ob- 
served and cannot be explained by differ- 
ences in pigment granule size, in conju- 
gated proteins or in the structural material 
of the hair, it must be concluded that some 
quantitative difference in the pigments 
exists. In an earlier publication (Hanna, 
56) it was demonstrated that the distribu- 
tion of pigment concentrations in non-red 
hair could be adequately explained by 
postulating two pigments, independent of 
each other in occurrence. It was suggested 
that 4 or 5 different shades of yellow-red 
pigmentation might be distinguished in 
hair of the yellow-brown series. Butenandt 
et al. (56, 57) and Glassman (57) have 
demonstrated that the production of mela- 


tions of color. Differences in pigment con- 
centration appear to be the major factor 
determining the observed differences in 
optical density in these data, the nature of 
the regression curve having relatively little 
effect on colorimetric values obtained at 
low wave lengths. Colorimetric compari- 
sons of total pigment concentrations thus 
may serve as valid indicators of hair color 
differences. Unfortunately, the reliability 
of subjective visual distinction of hair 
colors among different grades varies con- 
siderably (Lea, 54; Hanna, ’56). The mag- 
nitude of the error in classification of some 
colors is such that the distributions of 
colorimetric readings for pigments may 
overlap to a considerable extent. It is there- 
fore not possible to establish by either 
colorimetric or spectrophotometric methods 
a reliable objective scale for the discrimina- 
tion of non-red hair colors. 


SUMMARY 


Spectrophotometric absorption curves of 
pigment solutions from 94 non-red human 
hair samples of 13 color grades have been 
obtained. The regression of the logarithms 
of optical density or wave length in the 
visible spectrum and the variation of the 
regression coefficient for each color grade 
was compared with those of other color 
grades. 

The regressions of pigments from hair 
of dark colors on wave length are less than 
those of pigments from light hair. The re- 
gression appears to be unrelated to mean 
optical density (pigment concentration). 
The differences in slope of the regression 
line between light and dark hair pigments 
appear to be unrelated to differences in 
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(a) the nature of proteins conjugated with 
these pigments in the pigment granules, 
(b) the nature of the residual hydrolyzed 
proteins found in the pigment solutions 
and (c) pigment granule morphology. It 
is concluded that a quantitative difference 
exists between the pigments from gray- 
black and brown hair. 

Differences in pigment concentration are 
shown to be more important indicators of 
hair color difference than are regression 
coefficients. It is not possible to establish 
an objective scale for the discrimination of 
non-red hair color. 
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Wrist Ossification 


DONALD K. WALLACE! 


In a previous study of hand-wrist ossi- 
“~fication, we demonstrated the existence of 
jmarked individual variations in ossifica- 
{tion sequence (Garn and Rohmann, ’60). 
a) Whereas the literature had asserted con- 
*stancy of sequence and uniformity of or- 
‘der for the postnatal nuclei of the hand 
4and wrist, individual longitudinal anal- 
alyses revealed great variability instead. 

‘Moreover, for many pairs of ossifica- 
| tion centers having similar median ages 
at appearance, “alternate” sequences were 
“in fact the rule. A given pair of centers 
| would frequently be characterized by a 
j/mMore common (or A-B) sequence and a 
less common (or B-A) order of ossification. 

Such alternate ossification sequences in- 
volving early-appearing and the late- 
appearing pairs alike, raised the ques- 
| tion of independence or association for 
| alternate sequences. Obviously a lack of 
} association between alternate sequences of 
} ossification would suggest the role of 
| chance events, while a marked tendency 
toward association between pairs of alter- 
| nate sequences would implicate common 
| factors. 

We have, therefore, investigated the ex- 
tent to which alternate hand-wrist ossifi- 
' cation sequences are associated in the 
course of osseous development. 


| METHODS AND MATERIALS 


In setting up the present study, atten- 
tion was paid to centers of ossification hav- 
ing similar median ages of ossification, 
and with alternate sequences as docu- 
mented by individual analyses. Through- 
out, three criteria of selection were uti- 
lized. First, sequences were chosen to 
cover the entire range of appearance of 
centers from the early carpals and distal 
epiphysis of the radius to the late-appear- 
ing multangulars. Second, preference was 
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given to those alternate sequences where 
the more common and less common orders 
were more nearly equal, in order to facili- 
tate exact tests of association. Third, se- 
quences involving a common center were 
excluded from the comparisons, since vari- 
ations in the order of appearance of that 
center would necessarily affect both sets 
of alternate sequences involved. 

Of the many possible alternate se- 
quences of hand-wrist ossification sug- 
gested by table 3 in Garn and Rohmann 
(60), a total of 18 met all three criteria. 
Population frequencies were calculated for 
these 18 alternate sequences using the 
“index” series of 154 boys and girls ex- 
clusive of like-sexed siblings (Garn and 
Rohmann, 759, 60). Combined-sex tabu- 
lations were then employed, as in table 1, 
since sex-differences were not significant 
at the p = .05 confidence level. 

Associations between alternate sequences 
of hand-wrist ossification were determined 
except for pairs of alternate sequences 
having an ossification center in common. 
The technique of analysis was the Chi- 
squared test for fourfold tables, correct- 
ing for small samples in any single cell 
(cf. Siegel, 56; and fig. 1). The approach 
was thus identical to the familiar test of 
association between dichotomous §attri- 
butes, except that 278 Chi-squared tests 
were run in all. 

In this work tedious hand sorting was 
minimized by using edge-punched Royal- 
McBee “Keysort” cards to indicate the A-B 
or B-A order for each of the 18 alternate 
sequences, and the “Keysorter” was em- 
ployed to sort the cards into the appro- 
priate 4 categories for each test after exclu- 
sion of uninformative “bunched” centers. 


1 Present address: Western Reserve University 
School of Medicine. 
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TABLE 1 
Alternate sequences in hand-wrist ossification! 


Satta More common sequence No. % Less common sequence No. % Tot} 
1 Dist. Radius—Prox. III 66 67 Prox. III—Dist. Radius oo 33 9S 
P» Prox. IV—Dist. I 48 60 Dist. I-Prox. IV 32 40 8C | 
3 Prox. V—Met. IV 45 73 Met. IV—Prox. V Wi il 6 
4 Prox. V—Mid. III 55 67 Mid. III—Prox. V ON 33 8a 
5 Mid. IV—Mid. III 12 57 Mid. III—Mid. IV 9 43 21) 1 
6 Mid. II—Met. V AT 60 Met. V—Mid. II 38 40 toto |) 
if Mid. IJ—Dist. IV 58 74 Dist. IV—Mid. II 20 26 S| 
8 Dist. IV—Triquet. 64 55 Triquet.—Dist. IV 53 45 117 
9 Triquet.—Met. I 59 51 Met. I—Triquet. 56 49 11 i 
10 Dist. 11I—Met. I 59 68 Met. I—Dist. III 28 32 87) ] 
114! Dist. II1I—Prox. I 86 84 Prox. I—Dist. III 16 16 102 | 
12 Prox. I—Dist. II 63 TP) Dist. II—Prox. I 25 28 & 
13 Dist. II—Dist. V PATE 58 Dist. V—Dist. II Di 42 48) | 
14 Dist. V—Mid. V 48 58 Mid. V—Dist. V 35 42 834 
15 Mid. V—Lunate 82 68 Lunate—Mid. V 39 32 121 | 
16 Lunate—Navic. 122 95 Navic.—Lunate 6 159 128) 
iy Lesser Mult.—Navic. 5 51 Navic.—Lesser Mult. 54 49 111) 
18 Lesser Mult._Greater Mult. 54 52 Greater Mult.—Lesser Mult. 49 48 103) 


2 . ] T 
‘ Excluding cases where centers were “bunched” in time of appearance (cf. Garn and Rohmanzr} 


GON pn223)r 


"Arranged according to median order of appearance. 


FINDINGS 


As shown in table 2, where associations 
significant at p=.05 and p=.01 are 
enumerated, the number of associations 
between alternate sequences of ossification 
greatly exceeded expectancy. Of the 278 
comparisons, 44 were significant at the 
5% level and 24 of these were significant 
at the 1% level or better. Clearly, the 
tendency to be A-B or B-A in a particular 
alternate sequence was associated with 


METACARPAL V/ MID 17 
MID Il METACARPAL 1V 


r 


METACARPAL V/ 
DISTAL Wl 


DISTAL I / 
METACARPAL | 


hia 


Fig. 1 Example of Chi-squared test involving 
the Metacarpal IV-Mid. II: Metacarpal I-Distal III 
alternate sequences. Since small cell values were 
frequent, the use of Finney’s Tables of Critical 
Values of D and the Fisher Exact Probability Test 
eliminated much tedious computation (cf. Siegel, 
56, pp. 256-270). 
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similar tendencies throughout osseous dé 
velopment. | 
Since the Chi-squared tests involved 
varying sample sizes, according to th 
number of “bunched” centers for a par} 
ticular pairing, it was important to esti 
mate the effects of sample size in under# 
or over-estimating the total number oi 
significant associations. Since the corre} 
lation between sample size and the num 
ber of significant associations was effec) 
tively zero (r = 0.004), there was reaso 
to believe that the total of 16% of signifi 
cant associations closely approximated thd 
true proportion. | 
The significance data were furthe 
grouped according to anatomical criteria | 
since a previous study has shown consid | 
erable autonomy (in time of appearance | 
for the carpal bones (Garn and RohmannJjj 
99). Similar results were apparent in thef) 
present study as shown in table 3. Out off 
93 comparisons involving carpal centers.fj 
10 (see table 3) were significant at p = .0 of | 


oars 


or better. In contrast, 26% of association 

involving metacarpals, and 19% of associ- 
ations involving digital centers were sig-9 
nificant at the same level of probability. J 
Since the measures of association were: 
effectively independent, the inference is: 
that alternate sequences involving digita i 
and metacarpal centers have determinants 
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TABLE 2 
Association between alternate sequences of hand-wrist ossification 
No. Significant associations 
~ Alternate sequences sequences 

i) compared? x2 > 3.84 x2 > 6.63 
e}1 Dist. Radius—Prox. III/Prox. III—Dist. Radius! 1% 1 (0) 
y}2 Prox. IV—Dist. I/Dist.I—Prox. IV iy 3 1 
)|3 Prox. V—Met. IV/Met. IV—Prox. V 162 4 2 
«4 Mid. Ill—Prox. V/Prox. V—Mid. III 152 4 3 
“5 Mid. IV—Mid. III/Mid. Il1I—Mid. IV 16 0) 0) 
»|6 Mid. II—Met. V/Met. V—Mid. II 16 6 55 
«7 Mid. II—Dist. lV/Dist. IV—Mid. II 15 » 1 
«/8 Dist. 1V-Triquet./Triquet.—Dist. IV 15 4 3 
i} 9  Triquet.—Met. I/Met. I-Triquet. 15 it (0) 
..O Dist. 11I—Met. I/Met. I-Dist. III 15 5 S 
1 Dist. I1i-—Prox. I/Prox. I—Dist. II 1053 0) 6) 
‘2 Prox. I-Dist. II/Dist. II—Prox. I 15 5 3 
3 Dist. II-Dist. V/Dist. V—Dist. II LS 0) 0) 
4 Dist. V—Mid. V/Mid. V—Dist. V 11155 5 1 
[5 Mid. V-Lunate/Lunate—Mid. V 15 2 1 
6 Lunate—Navic./Navic._Lunate aS 0) (0) 
‘B7 Lesser Mult.—Navic./Navic.—Lesser Mult. tS 1 1 
»|8 Lesser Mult.Greater Mult./Greater Mult.—Lesser Mult. 16 1 0) 
Total 278 443 248 


3 Chance expectancy 14 and 3 respectively. 


} TABLE 3 


Associations between alternate sequences 
arranged according to anatomical 


areas 
it 
‘Associations No. of No. Per cent 
i) involving associations significant! significant 
\Carpals 91 9 10 
|Metacarpals 62 16 26 
{Digits oe 42 19 


| 1 At p=0.05 or better. 


I 


‘in common, whereas carpal centers exhibit 
igreater autonomy. 

| In short, associations between “alter- 
inate” sequences of hand-wrist ossification 
Dire about 5 times as common as chance 
valone would dictate, presumably suggest- 
}ing determinants in common. 


DISCUSSION 


_ The findings in this particular study are 
‘nearly self-explanatory, minimizing the 
need for extensive discussion. Clearly, 
‘alternate sequences of hand-wrist ossifica- 
tion are not totally independent events, 
though a common determinant hardly ex- 
plains all of them. Moreover, alternate 
sequences appearing early in hand-wrist 
ossification are unquestionably associated 


1 More common/less common sequence as in table 1. 
2 Excluding pairs of sequences involving a common center. 


with sequences that appear late thus ex- 
cluding purely temporal (and transient) 
events. 

The mere existence of such alternate 
sequences further dispells the notion of 
a fixed order of ossification. Besides the 
various sequences of carpal ossification 
previously described by us, table 1 of this 
study confirms variations in the sequence 
of digital and metacarpal ossification. 
Clearly, such variations are neither rare 
nor unimportant, nor can they be fully ex- 
plained on the basis of temporary, tran- 
sient delays (Greulich in Boell, ’54). 

Within the limits of the sample under 
consideration, it is clear that possession of 
the A-B or B-A sequences for one pair of 
centers is associated with particular alter- 
natives for many other pairs of centers. 
As previously mentioned, this generaliza- 
tion particularly applies to metacarpal and 
digital centers of ossification. The infer- 
ence is that relatively few determinants, 
genetic or otherwise, may account for 
intra-individual variability in hand-wrist 
ossification order. The extent of genetic 
involvement is now being investigated in 
extensive parent-child, sibling-sibling and 
co-twin comparisons. 
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SUMMARY 


1. Alternate sequences in hand-wrist os- 
sification, involving a more common (A-B) 
sequence and a less common (B-A) se- 
quence were investigated for 18 such se- 
quences in 154 children. 

2. In a total of 278 comparisons using 
these 18 alternate sequences, 44 were sig- 
nificant at p = .05 or better. 

3. Nineteen per cent of associations in- 
volving digital centers, 26% involving 
metacarpal centers and only 10% involv- 
ing carpal centers attained the indicated 
level of significance. 

4. It was suggested that relatively few 
determinants could account for a large 
portion of inter-child variability in hand- 
wrist ossification sequence. 
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_— Epiphyseal Union of the Hand 


STANLEY M. GARN, CHRISTABEL G. ROHMANN 


Although there is voluminous literature 
on the osseous development of the hand, 
athe bulk of the tabular data pertains to the 
‘first 6 years of life. During this time period 
ithe majority of the digital, metacarpal and 
‘Ycarpal centers appear, variations in se- 
quence and timing are for the most part 
‘evident, and numerous anomalies of de- 
{velopment in the post-natal ossification 
A centers make their certain appearance 
f( O’Rahilly, ’53, 57). 

In contrast, exact data on the comple- 
tion of the hand (particularly with refer- 
fence to the digital and metacarpal epi- 
| physes) are scanty indeed. In the study of 
| epiphyseal union the samples tend to be 
{small in general (Stevenson, °24), the 
| source of material is frequently unspecified 
| (cf. Flecker, 42) and for the most part the 
i values on American, Czech, Hindu and 
| Egyptian children are grossly disparate (cf. 
| Krogman, *41, pp. 558-576). We are in- 
| clined to agree, therefore, with Noback 
| (54) who takes a dim view of the samples 
involved, the accuracy of the data, and 
i 
| 
| 
| 
| 


their usefulness at the present time. 
Ideally, one would like information on 
' the timing of epiphyseal union of the dig- 
ital and metacarpal epiphyses with some 
indication of the degree of pattern regular- 
ity. Equally desirable would be informa- 
tion concerning the suitability of the hand 
as an indicator of osseous completion, and 
of completion of statural growth. Under 
these circumstances it would be possible to 
evaluate the utility of the hand as a meas- 
ure of developmental progress during ado- 
lescence, and particularly for predicting 

long-bone growth and final stature. 

It is the purpose of this paper, then, to 
report on the timing of union and the 
order of union of the 19 epiphyses of the 
hand. The analyses further include the 
relationship between complete hand union 
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and such maturational measures as me- 
narche and the time of complete tibial 
union. Finally, data are given on statural 
changes subsequent to complete hand 
union in order to determine the extent to 
which completion of the hand reflects the 
cessation of general growth. 


METHODS AND MATERIALS 


The present investigation is based upon 
serial longitudinal postero-anterior hand 
and lower leg radiographs, menarcheal 
data and incremental data on 107 white, 
Ohio-born participants in the Fels Longi- 
tudinal Program. Except for two sets of 
male triplets, separately studied, subjects 
were restricted to those who had achieved 
complete hand union, and like-sexed sib- 
lings were excluded from the tabulations 
(Garn and Rohmann, ’59, ’60, 61). 

Although several stages of epiphyseal 
union in the hand were at first distin- 
guished, following in part Moss and No- 
back (’58) and Noback et al. (60), an 
exact comparison of metacarpal and dig- 
ital union proved impractical. Moreover, 
histological validation of “intermediate” 
stages of epiphyseal union was unobtain- 
able. Accordingly, therefore, data analy- 
sis was limited to complete union as 
indicated by the disappearance of the 
radiolucent line between diaphysis and 
epiphysis.‘ High internal correlations 
(r>0.95) and good correlations with 
both menarche and age of tibial union 
(r = 0.9 and 0.7) confirmed the reliability 
and supported the validity of the matura- 
tional measure selected for investigation. 


1For digital segments and the 5 metacarpals 
obliteration of the radiolucent line marks exten- 
sion of bone completely across the epiphyseal 
plate. The radio-opaque line that follows com- 
plete union in the digital segments and the first 
metacarpal is variable in persistence, particularly 
on the first metacarpal where it may be radio- 
graphically visible for several decades. 
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Besides menarcheal data for 50 girls, 
taken from the longitudinal files, individ- 
ual age-increments for stature were com- 
puted. Successive yearly increments were 
grouped for periods of one year, two years, 
three years and 4 years subsequent to 
complete hand union, in order to deter- 
mine the extent to which overall growth 
continues after digital and metacarpal 
completion. 

In providing tabular material on com- 
pletion of individual centers, percentiles 
were necessarily employed because of the 
skewness of all maturational data. Cor- 
relations in turn were based on T-scores 
normalized by McCall’s method (cf. Garn 
and Shamir, °58, Lacey, ’56). 

Finally, sequences of digital and meta- 
carpal union were ascertained first on a 
grouped basis, using median values, and 
then on an individual basis as described 
by Garn and Rohmann (’60). Particular 
attention was paid to “fields” of union, 
and these were validated against the indi- 
vidual records. 
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characterized by the general formula y 
0.87 x. While the two sexes are comp 
rable in degree of skewness, girls are a 
solutely more variable than boys, thoug 
the F value (for pooled data) of 2.1 faiff 
to attain significance at the p=0.5 coy 
fidence level (Guilford, *50). 

With a uniform 13% temporal lead 
girls over boys, computing elapsed tin} 
from birth, complete hand union thi 
compares very closely with the 12% sé 
difference in hand ossification in gener) 
(cf. Garn, Lewis, Koski and Polacheci# 
OS) However, sexual dimorphism in t! 
hand is obviously smaller than the 194 
sex difference in knee ossification, or t 
rather large (26% ) difference in the ti 
of appearance of postnatal ossificatic 
centers. 

Taking the sex-specific median value 
for age at union of individual digital ar 
metacarpal centers, and arranging them 
anatomical groupings, the sequence dist 
proximal-middle-metacarpal emerges f 
both boys and girls, as shown by the f 
lowing medians: 


FINDINGS 
Segment Age-—Boys Age-Girls 
As shown in table 1, where sex- “specific Minti 15.9 1316 
percentiles for the age at union are given, Proximal 16.2 14.3 
girls are uniformly ahead of boys in all Apia Bee. ike 
19 epiphyseal centers of the hand, as cireereel avis a 
TABLE 1 
Age percentiles for complete union of metacarpal and digital epiphyses 
= Z 
nna oys Girls Sex 
N 5 50 N 5 50 95 Die | 

Metacarpal 5 ayy) ISya 16.5 17.9 55 12.4 15.0 17.2 0.91 
4 51 15.1 16.4 17.9 54 1203 14.6 16.8 0.88 
3 soy | 15.0 16.4 18.0 55 1192) 14.7 16.9 0.90 
2 51 15.0 16.4 18.0 cate) iIPXO) 14.6 16.9 0.89 
1 51 14.6 16.3 17.9 to) Wal 7 14.1 16.6 0.88 
Proximal 5 toy | 14.3 16.2 sane) 57 11.8 14.2 1632) 0.87 
4 51 14.6 16.2 17.9 tayo) 11.3 14.2 16.4 0.88 
3 51 14.4 16.3 sae) 55 11.8 14.3 16.4 0.87 
9) 51 14.5 16.3 17.9 55 11.8 14.2 16.3 0.88 
1 51 14.7 16.3 L729) 54 Pea 14.4 L6rS 0.87 
Middle 5 51 lise 16.4 17.9 55 eS 14.3 16.6 0.89 
4 51 15.1 16.4 17.0 54 11.9 14.5 16.7 0.87 
3 50 ier 16.4 17.9 53 ieil 14.5 16.6 0.88 
; 2, ol ihksy{0) 16.4 17.9 54 UL 14.4 INS }55 0.85 
Distal 3) ol 14.2 16.0 17.8 57 11.8 SiG 15.7 0.85 
4 ol 14.2 16.0 We ot 56 11.9 13.6 15.8 0.85 
3 51 14.2 16.0 17.6 56 11.6 13.6 INSSS 7 0.85 
2 51 14.2 16.0 ies Dh 7 13.6 Sar 0.86 
- i 1 51 14.1 ISS 7/ 7/26 57 11.4 13:5 Laz 0.86 
Spread” 2 1:0" 08" (o4 ot Gece has 0.06 

ieee * Range lowest to highest values, 
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Fig. 1 “Fields” of complete hand union as 
|| determined in the present study. In the sequence 
(1) distal, (2) proximal, (3) middle and (4) 
! metacarpal, metacarpal I behaves like a proximal 
| segment. 


1 


| The first metacarpal, however, is allied 
_to the proximal segments in time of union 
| for both sexes, as is evident in table 1. 
therefore, is distal, 
) proximal (including metacarpal I), middle 
and metacarpal (excluding metacarpal I). 
It may also be noted that anatomically 
| the first metacarpal more nearly resembles 
| 
| 
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the proximals to which it is obviously 
allied in time of union (see fig. 1). 

The distal-proximal-middle-metacarpal 
sequence, pictured in the first figure, is 
further justified by individual sequential 
analyses. In all but a very few cases, 
distal epiphyses or the entire distal seg- 
ment precede the others in the order of 
epiphyseal union (table 2). In fact, the 
distal epiphyses of the first digit tends to 
head the progression of epiphyseal union. 
There are, however, marked individual 
variations in the relative position held by 
the first and third metacarpal, and the 4th 
and 5th proximal epiphyses (table 2 and 
fig. 2). Nevertheless, the massed data 
sequences, notably ineffective in regard to 
the order of appearance of centers (Garn 
and Rohmann, ’60) suggest more effec- 
tively the order of complete union. 

While it might be thought that the 
time of union of metacarpal and digital 
epiphyses would be related to the time of 
appearance of these same centers, no evi- 
dence is forthcoming from the present 
study. Using the rank-order correlation 
(rho) values for the order of appearance 
versus the order of union are —0.09 for 
girls and 0.02 for boys. Correlations in- 
volving the timing of appearance and the 
time of union are similarly low. Clearly, 
ossification during the first 6 years and 
union during the ’teens are strikingly un- 
related: “maturation” of bone is not a 
unitary phenomenon. 

A logical further question is the extent 
to which hand union relates to epiphyseal 
union elsewhere in the body, and to other 
steroid-mediated changes. This can be as- 
certained, first with respect to the union 


TABLE 2 
Order of union in digital and metacarpal epiphyses as observed in 61 cases 


26 Boys 35 Girls 
Initial order 
No. Per cent No. Per cent 
Distal I 6 Desi 4 11.4 
Distal III 1 3.8 — — 
Distal I and III 2 7.6 — — 
Distal V 3 155 1 2.8 
Distal I and V - —_ 1 2.8 
Distal segment 6 Nee) 18 51.4 
Distal segment and metacarpal I 3 iS 3 8.6 
Distal segment and metacarpal III - —_— 1 2.8 
Distal segment and proximal IV 1 3.8 1 2.8 
Distal segment and proximal V 4 15.3 5 14.2 
Proximal IV and metacarpal I - — 1 2.8 


368 


i 


of the proximal tibial epiphysis in both 
sexes, and with respect to menarche in 
the female. Taking menarche first, hand 
union proves to be a highly correlated 
event (r=0.91) in 50 cases. Complete 
tibial union is also reasonably covariant, 
with r values of 0.78 for 49 girls and 
0.72 for 43 boys. However, complete hand 
union does not hold a uniform temporal 
relationship to union of the proximal tib- 
ial epiphysis. Combining both sexes, in 
the absence of statistically significant dif- 
ferences, it appears that complete hand 
union may either precede or succeed com- 
plete tibial union, as pictured in figure 3. 
There are tibia-first children and _tibia- 
last children. Union of the hand is no 
reliable guide to when tibial union will 
occur. 
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ee 3 SEQUENCE 


Fig. 2 Individual variations in complete union of digital and metacarpal epiphyses. Despite varia} 
tions in completion of the first and fourth metacarpals and the first and fifth distal segments, the o 
der given in figure 1 holds on an individual basis (cf. table 2). 


Since the hand has in some studies beeif, 
used as an indication of statural maturit 
or a guide in predicting final size, it is 
interest to analyze stature increments | 
yearly intervals subsequent to complet 
hand union. This arrangement sho 
quite clearly that stature increments sub@ 
sequent to hand union vary considerabliq 
from child to child. As shown in figure 
some children grow but little once thi 
hand is complete. In fact there is a su | 
gestion that stature may in some instance! 
be complete before the hand is full) 
united. In other cases, however, increase 
of as much as 5 cm may be expected in 
the 4 years following complete hans 
union. Particularly for girls, the hand if 
an inadequate guide in predicting fin 
stature. 
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YEARS YEAR YEAR YEAR YEARS 

‘i Fig. 3 Relative timing of (proximal) tibial 
‘(nion and complete hand union. Since tibial 
‘(nion may either precede hand union or succeed 
|: by as much as two years, the hand is obviously 
|mited as a reference standard for long-bone 
| rowth. 
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| Some children are fast-uniters, closing 
jJl 19 epiphyses within the span of a sin- 
‘le year. Other children are slow uniters, 
spreading union over a 3 or 4 year period. 
eS mpts to relate the rapidity of union 
fo age at maturity, or to the rate of linear 
lzrowth are so far not successful. Seem- 
bngly, therefore, the rate of hand union 
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is not a function of the age at maturity 
or the magnitude of the growth spurt. 
Logically, the fast hand uniters ought to 
be rapid maturers, but we have been un- 
able to confirm this hypothesis. 

While it cannot be shown that the ab- 
ruptness of digital and metacarpal com- 
pletion relates to the tempo of maturation, 
there is evidence that the time of union, 
and the pattern of epiphyseal closure are 
in part gene-determined. With one set 
of male monozygotic triplets, the “K” trip- 
lets (45, 46 and 47), the T-score profile 
patterns are virtually identical. With an- 
other male set, the “B” triplets, comprising 
a monozygotic pair and a dizygote (305, 
306 and 307) the profile patterns are 
highly congruous for the monozygotic pair 
but markedly dissimilar for the dizygote 
number 307. The suggestion, then, is that 
genes bear on the timing and patterning 
of complete hand union, given reasonable 
uniformity in nutritional background. 

In short, while complete hand union is 
obviously related to the tempo of matura- 
tion, there are marked regional autono- 
mies. The hand has its own and charac- 
teristic degree of sexual dimorphism. 
Within the hand there are individual, 
presumably gene-mediated differences in 
sequence and timing. The hand is an 
imperfect guide as to the timing of lower 
limb completion, and is even less effective 
as a measure of statural completion. 


YEARS AFTER HAND UNION 


Fig. 4 Stature increments subsequent to complete hand union. Since stature increase over 
the 4 years following hand union may be less than 1 cm, or as much as 5 cm, hand union 
cannot be taken as a good indication of final size. 
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Fig. 5 T-score profile patterns of complete hand union for two sets of like-sexed male 
In both sets the patterns for the monozygotes are virtually identical while the 
dizygote diverges in both pattern and level (cf. Garn, 55). 


triplets. 


DISCUSSION 


Reviewing the preceding findings on the 
age at union of the epiphyses of the digits 
and metacarpals, first attention may be 
directed to sex differences. In hand union, 
as in maturation in general, girls are ad- 
vanced over boys. However, the extent of 
sexual dimorphism in complete hand 
union (averaging 13% for all 19 epiphy- 
ses concerned) is rather small compared 
to the 19% sex difference in the knee, 
and the 26% difference in appearance of 
ossification centers. Noting also the ex- 
tremely small (4-5% ) sex difference in 
tooth formation and eruption, it would 
appear that there are considerable re- 
gional and anatomical differences in the 
magnitude of maturational dimorphism 
with areas more remote from the pelvic 
center less markedly divergent in the time 
of completion. 

A further item of interest is the se- 
quence or order of complete hand union. 
Based on the median values, the sequence 
would appear to be distal-proximal-middle- 


metacarpal in both sexes. More carefifl 
analysis allies the first metacarpal will) 
the proximal segment as a whole, 1 
analysis confirmed by individual sequen 4 
as well. Thus, as in the study of cont 

. | 


munalities of hand-wrist ossification (Ga 
and Rohmann, ’59) time-linked pheno 
ena do assort themselves along anatomic 
lines. With over 600 radiographs involvd# 
in the present study and after the analyg 
summarized in table 2, we do not teal : 
necessary to reconcile our distal-proximd 
middle-metacarpal “fields” with those pu | 
viously deduced by Noback et al. (’60I 
The regional nature of osseous develol# 
ment is further exemplified by compari 
hand union with tibial union. Though t 
two are highly correlated, and the medial 
ages are extremely similar, it is a fa 
that union of the proximal tibial epiphys§ 
may antecede hand union by as much | 
two years, or succeed it by an equi 
amount. Thus, for a substantial propc@ 
tion of the adolescent population, the bi 
havior of the hand is no sure guide | 


ng-bone maturation. As in the appear- 
ace of ossification centers (Garn and 
ohmann, ’61), the hand is to some extent 
a island unto itself, grossly related to, 
it also autonomous of bony maturation 
sewhere in the body. 

The limitations of the hand as an indi- 

ation of growth in general are equally 
ear in statural increments. A few adoles- 
ents, perhaps 5-10% of the population, 
re substantially complete in growth by 
1e time the metacarpals and digits have 
ompleted their union. Other children 
jJave as much as 5 centimeters to grow 
|1 the ensuing 4 years. Grossly, the hand 
joes provide a quick appraisal of osseous 
jtatus, but for such problems as long bone 
jrowth or the prediction of final stature, 
nore information is needed than the hand 
jlone supplies. 
| A further difficulty is raised by indi- 
jidual differences in the rate of complete 
|piphyseal union of the hand. Some chil- 
ren are rapid uniters, fusing all 19 dig- 
cal and metacarpal epiphyses in the space 
jf a single year. Others are slow uniters, 
jaking as much as 4 years to complete the 
fame sequence of union. Logically, the 
japid uniters should be rapid, even early 
jaaturers. With equal logic the slow 
jmiters should be slow, presumably late 
Jaoaturers. But the two groups unfortu- 
jiately are not demonstrably different by 
‘ur analyses so far, and it is therefore 
possible to say that what is logical is 
Hemonstrably true. 
These studies on union of epiphyseal 
senters, like the investigations on ap- 
yearance of the same centers, clearly 
year cn the use of bone-age assessments. 
The fact that appearance of centers and 
hmion of centers are virtually uncor- 
‘elated, either on a sequential basis or 
, timing basis, mitigates against any as- 
sumption of neatly channelwise develop- 
mental progress. Large, but still inexpli- 
’able differences in the rate of completion 
nake it unwise to assume that a large pro- 
iortion of completely united centers is — 
within individuals — indicative of greater 
or more rapid maturity. 

Finally, attention must be paid to the 
imilarity of monozygotes in timing and 
sequence of complete hand union, and the 
concomitant dissimilarity of dizygotes 
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from the same triplet sets. Such data, re- 
sembling Buschke (34), do not of course 
introduce intra-triplet nutritional extremes. 
Nevertheless the evidence does suggest that 
within nutritionally-determined limits, the 
order of union and the timing of union of 
the digital and metacarpal epiphyses is to 
a large extent gene-controlled. 


SUMMARY 


1. The age at union of digital and meta- 
carpal epiphyses was investigated in serial 
hand radiographs of 107 white Ohio-born 
children. 

2. Girls were advanced over boys by 
13% in complete hand union, a value con- 
siderably smaller than the extent of sexual 
dimorphism in the knee, or in the appear- 
ance of ossification centers in general. 

3. Both from median data, and in in- 
dividual sequential analyses, the order of 
complete hand union could be given as dis- 
tal-proximal-middle-metacarpal with meta- 
carpal I behaving like a proximal segment. 

4. No relationship was found between 
the order of appearance of the 19 digital 
and metacarpal epiphyses and the se- 
quence of union, or between the time of 
appearance of these centers and the time 
of union. 

5. Although complete hand union and 
union of the proximal tibial epiphysis were 
moderately correlated (combined sex r= 
0.75) tibial union preceded hand union by 
as much as two years in some cases and 
succeeded it by an equal amount in others. 

6. Stature increments subsequent to 
complete hand union were highly variable, 
amounting to as little as 1 cm or as much 
as 5 cm in the 4 years following hand 
union. 

7. From monozygotic and dizygotic twin 
and triplet pairings, there was evidence for 
genic control of both timing and sequence 
of complete hand union. 

8. Evidence for the regional autonomy 
of metacarpal and digital union places 
practical limits on the hand as an indica- 
tion of long-bone completion and as a 
guide in predicting final stature. 
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‘rorilla beringei 


ip 
‘| In the section dealing with the thoracic 
4scera in “The Anatomy of the Gorilla” 
uWashburn, 50) no mention is made of 
jie anatomy of the vessels of the heart. 
‘‘owever, Chase and De Garis (’39), in an 
<tensive study of the coronary arteries 
1 primates, dissected these vessels in two 
jorilla hearts. It seems most likely that 
. were obtained from coast gorillas, 
jae having been lent by the late Mr. H. 
. Raven. 

| The addition of two further descriptions 
hich includes a description of the coro- 
jary veins is considered worthwhile in 
jiew of the difficulty in obtaining this ma- 
brial and the fact that Gorilla gorilla 
jeringei forms a definite sub-species 
\Coolidge, ’29). 

| Two hearts were examined. The first 
vas that of an adult male gorilla and the 
cond of an infant known to have died 
(ithin two days of birth. 

| The adult heart was obtained from a 
hale gorilla found dead near Kisoro in 
he District of Kigezi in Southern Uganda. 
{. post-mortem examination was carried 
lut by the District Veterinary Officer, 
‘robably within 12 hours of death, and 
ye animal was eviscerated. The heart 
vas preserved in a solution of formalin. 
he specimen was received approximately 
{6 hours later in Mbarara some 170 miles 
'rom Makerere College Medical School. 

| On examination the shape was found 
lib have been considerably distorted by the 
ontainer in which it had been transported 
nd during evisceration the major part of 
oth atria the venae cavae and the pul- 
nonary veins had been removed. How- 
ver, the auricles, ascending aorta, pul- 
nonary trunk and ventricles, were in good 
‘ondition. 

' An attempt was made to inject both 
soronary arteries with 10% formol saline 
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and the organ was placed in a similar 
solution. 

The weight of the animal was 134 kg 
and that of the specimen 730 gm. 

The infant heart was kindly presented 
by Dr. G. Schaller. Although this again 
was somewhat deformed in fixation, it 
was complete, together with the other 
major thoracic organs. The specimen was 
obtained from Mount Mikeno in the AI- 
bert National Park, Belgian Congo. 

The veins of the adult heart and the 
coronary arteries of both hearts, were dis- 
played by naked eye dissection. The veins 
and arteries of the adult heart are de- 
scribed first and this is followed by a brief 
description of the arteries of the infant 
heart. 


The cardiac veins (adult heart) 


The great cardiac vein (vena cordis 
magna) is formed to the left of the pul- 
monary trunk by the union of 4 major trib- 
utaries draining the sternocostal surfaces 
of the left and right ventricles. 

Within 1.0 cm of its formation it runs 
beneath the point of origin of the anterior 
interventricular and circumflex branches 
of the left coronary artery and continuing 
its course beneath the circumflex branch 
around the base of the left auricle it emp- 
ties into the left end of the coronary sinus. 
It is joined at this point by the posterior 
vein of the left ventricle. 

The posterior vein of the left ventricle 
(vena posterior ventriculi sinistri) is formed 
by several trunks draining the surface of 
the left ventricle. These join on reaching 
the atrioventricular sulcus. The short 
trunk so formed drains in company with 
the great vein into the left end of the 
coronary sinus. Two smaller but sizeable 
trunks were found draining the dorsal 
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surface of the left ventricle directly into 
the coronary sinus. 

The posterior interventricular vein (vena 
interventricularis posterior) is formed at 
the apex of the heart and runs across to 
the right in or near the interventricular 
sulcus. On reaching the atrioventricular 
sulcus it turns to the left and empties into 
the right end of the coronary sinus. 

No vessel corresponding to the small 
cardiac vein (vena cordis parva) of hu- 
man anatomy was found. 

The anterior cardiac vein (vena cordis 
anterior) is formed at the apex and run- 
ning along the right border of the right 
ventricle it empties directly into the right 
auricle in the atrioventricular sulcus. It 
is joined near its termination by a large 
trunk running from near the pulmonary 
conus across the right border of the ven- 
tricle. 

The coronary sinus (sinus coronarius ) 
lies deep in the dorsal atrioventricular 
sulcus buried in muscle of the atria. It 
opens by a foramen 1 cm in diameter 
immediately adjacent to the interatrial 
septum. Below and behind the foramen 
lies the valve of the inferior vena cava. 
There was no clearly marked valve of the 
coronary sinus. 


The coronary arteries (adult heart) 


The left coronary artery (Arteria coro- 
naria (cordis) sinistra) takes origin from 
the left aortic sinus as a short stout trunk 
0.8 cm in diameter and 1.0 cm in length. 
It bifurcates into circumflex and inter- 
ventricular branches (fig. 1). Between 
the limbs of this bifurcation a third pri- 
mary division is seen running down over 
the sternocostal surface of the left ven- 
tricle towards its left border. The circum- 
flex branch lying in the atrioventricular 
sulcus runs around the base of the left 
auricle and then below the coronary sinus. 
On reaching the dorsal interventricular 
sulcus it runs down this towards the apex 
(fig. 2). Together with the third primary 
division three smaller branches supply the 
sternocostal surface of the left ventricle, 
a large bifurcate branch runs down the 
left border of the heart. Five branches and 
the main trunk supply the dorsal surface 
of the left ventricle and three branches 
and a terminal branch supply the dorsal 
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Fig. 1 View of left ventricle with the j 
monary trunk and left auricle separated to sk 
the bifurcation of the left coronary artery. 
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Fig. 2 Diaphragmatic view of left and ri} 
ventricles to show the regions of both that 
supplied by the circumflex branch of the i 
coronary artery. 


and diaphragmatic surfaces of the rig ; 
ventricle. Branches to the left auricle 
atria are given off in its course in 
atrioventricular sulcus. 

The interventricular branch runs do 
the anterior interventricular sulcus to 
apex about which it turns (fig. 3). ff 
terminal branches supply a portion of ti 
dorsal surface of the apex. The first rich 
branch runs to the base of the pulmonafl 
trunk and subsequent branches supply tif 
sternocostal surface of the right ventric 
Branches from the left side run deep inf 
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Fig. 3 Ventral view of right and left ven- 
tricles to show the interventricular branch of the 
left coronary artery. 
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Fig. 4 View of right ventricle to show the 
distribution of the right coronary artery. 


| the muscle of the left ventricle. A major 
) branch leaves the main trunk after 4.0 cm 
_ of its course to supply the sternocostal sur- 
face of the left ventricle. 

The right coronary artery (Arteria coro- 
naria (cordis) dextra) takes origin from 
the ventral aortic sinus (fig. 4). Its cal- 
iber is small relative to the left artery 
being only 2.5 mm in diameter. A small 
branch is given off almost immediately to 
the pulmonary conus. The main vessel 
running behind the pulmonary conus bi- 
furcates after 1.5 cm into two divisions of 
approximately equal caliber. The posterior 
division continues its course in the atrio- 
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ventricular groove sending branches to the 
right auricle and right ventricle. It termi- 
nates on the right half of the diaphrag- 
matic surface of the right ventricle. The 
anterior division runs down the right bor- 
der of the right ventricle towards the dia- 
phragmatic surface supplying the adjacent 
surfaces of the ventricle. 


The coronary arteries (infant heart) 


The coronary arteries of the infant heart 
bear a very close resemblance to those of 
the adult. The anterior interventricular 
branch of the left coronary artery runs 
down the interventricular sulcus up to and 
around the apex. Its first branch is a large 
one to the pulmonary conus. There is no 
major left branch. A third primary divi- 
sion is present at the bifurcation of the 
left coronary artery but there are no minor 
ventricular branches of the circumflex 
branch as it curves around the base of 
the left auricle. At the left border of the 
heart two large branches as opposed to a 
large bifurcate branch are seen leaving 
the circumflex branch. Three further small 
ventricular branches and a major branch 
to the right auricle are given off by this 
artery before it runs down in the posterior 
interventricular sulcus. Here two major 
branches are given off to the right ven- 
tricle. 

The right coronary artery is again found 
to be small and bifurcate, the posterior 
branch running a short course in the atrio- 
ventricular groove and the anterior supply- 
ing a small region of the right ventricle. 


DISCUSSION 


The venous pattern follows very closely 
that described for the human heart by 
Sobotta (757) and calls for little comment. 

The arterial distributions encountered 
do, however, differ significantly from the 
two descriptions already available, and in 
view of the established variations in hu- 
man distribution they are discussed more 
fully. 

It would appear that the descriptions 
given here of the left coronary artery cor- 
respond in most respects with that given 
by Chase and De Garis (39) although the 
details of the anterior and posterior inter- 
ventricular branches in the present speci- 
mens differ, in that in one specimen the 


376 


former possesses a major left branch, and 
that in both specimens the latter is repre- 
sented by a single trunk rather than a 
leash of vessels. 

The description of the right coronary, 
however, reveals a dissimilar pattern. 
Chase and De Garis (’39) describe in their 
first specimen a vessel curving downwards 
over the conus which it supplies by a 
branch, and continuing around to the 
dorsal surface where a long ventricular 
branch reaches near to the apex. A fur- 
ther right ventricular branch is described 
as running down the margo acutus reach- 
ing again near to the apex. In their sec- 
ond specimen a small offset to the conus 
arises directly from the aorta, the main 
trunk lies further from the atrioventricular 
sulcus and supplies a greater density of 
branches to the conus and the ventral 
aspect of the right ventricle, and finally 
the ventricular branch running down the 
margo acutus is reduced to two slender 
twigs. 

In the present specimens the right coro- 
nary is remarkably small in size. It di- 
vides into two trunks of equal size, one 
keeping close to the atrioventricular sul- 
cus and one lying more anteriorly and 
sending branches to the right ventricle be- 
low the conus. There are no long ventric- 
ular branches, both divisions barely reach- 
ing the diaphragmatic surface of the right 
ventricle. The region between this point 
and the apex is supplied by long branches 
of the posterior interventricular branch of 
the left coronary artery. 

Schlesinger (40) related the anatomical 
pattern of human arteries to pathological 
conditions. Analyzing 225 hearts from 
subjects over 35 years of age he described 
three distinct patterns, the criterion being 
the supply of the so-called “crux” of the 
heart where the left and right ventricles, 
left and right auricles, and the interven- 
tricular and interauricular septa all meet. 

In the first group of hearts in this series 
the right coronary artery supplies a large 
part of the posterior wall of the left ven- 
tricle and from it arises the posterior de- 
scending or interventricular artery. In the 
second group the circulation is more bal- 
anced, the ventricles being supplied by 
their corresponding arteries and the right 
artery, although supplying the posterior 
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half of the interventricular septum, give}j 
no significant branches to the post sui 
face of the left ventricle. In the thir 
group both the left circumflex coronar 
artery and the right coronary artery maf) 
reach the crux and terminate in paralle}} 
posterior descending or interventriculaq 
branches or in other hearts the posterio# 
descending coronary artery arises solel} 
from the left circumflex coronary artery} 

This third group formed 18% of the} 
human hearts examined and it seems cleaif| 
that both the patterns described by Chase 
and De Garis (’39) and those describecf} 
for the present specimens would fall int 
this group. : 

Brink (’49) examined the coronary cir: 
culation in 33 human hearts. Fifteen of 
these were from Bantu subjects. He drew 
attention to the presence in 12 of these of 2 
third primary division of the left corona 
artery. The third primary division encoun- 
tered in the present specimens corresponds: 
to this vessel. Chase and De Garis (’39) how-# 
ever, did not describe a similar structure in 
either of their gorilla hearts. The signifi-+ 
cance of this third primary division of thes 
left coronary artery has, however, been 
questioned by Singer (59). Observations# 
based on dissections of 278 human hearts,, 
86 of which were from Bantu subjects, 
seem to indicate that the presence of al 
third primary division is an individual] 
and not a racial variation. Singer suggests! 
that the third primary division is no more 
than a variation of a major left ventricu- 
lar artery normally arising from the cir- 
cumflex branch of the left coronary artery. 
In the adult gorilla specimen described! 
both major and minor left ventriculari 
arteries and a third primary division were 
represented. In the infant gorilla heart) 
a third primary division but no major or | 
minor left ventricular branches were found. 
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SUMMARY 


The cardiac veins and coronary arteries 
of specimens obtained from Gorilla gorilla jj 
beringei are described. The arrangement | 
of the coronary arteries is compared with § 
that described by Chase and De Garis. 
(39). Comparisons are also drawn with | 
human coronary artery patterns. Particu-. | 
lar reference is made to the left coronary 
artery preponderance found and the pres- J 
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‘keletal Development of Hand and Wrist in 


(innish Children' 
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| Differences exist between different pop- 
jlations as to the speed of skeletal de- 
jelopment, and the standards employed 
/1 assessing the maturational stage of the 
jxeletal system must therefore be based 
jn samples derived from the population 
jor which they will be used (cf. Falkner, 
)8). This problem was encountered by 
is when trying to assess the skeletal de- 
telopment of orthodontic patients, whose 
jiagnosis and treatment plan may often 
te affected by information gained through 
mis procedure (cf. De Coster, 39). In 
jack of suitable norms for the Finnish 
)opulation the atlas of Greulich and Pyle 
\’50) was used as reference, but accumu- 
ation of material and experience increas- 
Jagly pointed towards a general trend for 
Vinnish children to lag behind their Ameri- 
(an age mates in skeletal development. 

| In the course of a study, primarily con- 
lucted for other purposes, a small cross- 
jectional sample of Finnish children were 
jubjected to hand and wrist roentgenog- 
laphy, and the resulting sample of radio- 
imams enabled us to make a pilot survey 
(m the normal skeletal development in our 
|:hild population (Koski, Haataja and Lap- 
palainen, 59). During this study atten- 
ion was also paid to the systematic error 
in assessment between several observers, a 
iroblem that has also been considered by 
Mainland (’53). Furthermore, a study on 
the hand and wrist radiograms of ortho- 
Jontic patients was made in order to see 
whether their skeletal development, as a 
zroup, shows any significant deviation 
from normal development (Haataja and 
Lappalainen, 60). As no significant dif- 
ference between the orthodontic and nor- 
mal sample was found, it was felt safe to 
combine both samples for the present re- 
port on the skeletal development of Fin- 
nish children. 
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Department of Anatomy, University of Turku, and 
Institute of Dentistry, University of Helsinki, Finland 


MATERIAL AND METHOD 


The first sample consisted of 156 chil- 
dren from primary and secondary schools 
in Helsinki. These children were enrolled 
by classes, the aim being to get samples 
of children representing certain develop- 
mental stages of the dentition. The ages 
of children ranged from 7 to 17 years, 
centering around 11 and 14-15 years; 
sexes were about equally represented. 

The second sample included 404 ortho- 
dontic patients from the Institute of Den- 
tistry, ranging from 5 to 18 years of age, 
two thirds of the children being from 10 
to 15 years old. There were about twice 
as many girls as boys in this group. 

The first, “normal” sample included a 
few individuals, whose skeletal age was 
found to deviate from their chronological 
age very markedly. Since the children 
were not given a medical examination, the 
possibility remained that the extreme de- 
viations were associated with some patho- 
logical phenomena. In order to safeguard 
our sample a criterion for excluding ex- 
treme cases was adopted after consulting 
the figures of standard deviations of skel- 
etal age in the sample of Greulich and 
Pyle. We decided to exclude all children 
whose bone age deviated more than 30 
months from the appropriate standard in 
the Greulich and Pyle atlas. This time 
interval is approximately three times the 
average S.D. found by Greulich and Pyle 
in the age groups from 11 to 15 years, 
which form the majority in our samples. 
This criterion, which was also employed 
in our second sample, gives our final study 
sample a range similar to that of the 
Greulich and Pyle sample. The procedure 
resulted in the exclusion of 24 children 


1 This work has been aided in part by a grant 
from the Sigrid Juselius Foundation. 
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from the total material, leaving us with 
a final study sample of 530 children (see 
table 1). 

The radiograms were all taken of the 
right hand, since possible asymmetric de- 
velopment has been found to be nonsig- 
nificant (Baer and Durkatz, °57). An 
ordinary dental x-ray machine was used, 
the focus-film distance was 60 cm, and 
the beam was directed on the center of 
the metacarpal area. 

The reading of the films was done in a 
clinical fashion, whereby attention was 
paid only to the standard pictures and 
the adjoining explanations of the atlas. 
The skeletal age was determined to the 
nearest half a year, interpolating, when 
necessary, between two successive norms 
of the atlas. 


Systematic error of the method 


The accepted films of the first sample, 
150 in number, were assessed by all three 
authors independently. The senior author 
had some previous experience in estimat- 
ing the skeletal age from hand and wrist 
radiograms, whereas the two other ob- 
servers were instructed by him in the be- 
ginning of the study. 

The differences between paired observa- 
tions ranged from zero to 1.5 years. The 
extreme difference, 1.5 years, was en- 
countered in only 10 instances out of 450. 
A difference of 1.0 year occurred in 36, 
and a difference of 0.5 year in 180 in- 
stances, while in 224 cases out of 450 
paired observations an agreement was 


TABLE 1 


The distribution of the children as to age and sex 


Age Boys Girls 
5 1 1 
6 1 2 
ite 5 ital 
8 8 12 
9 10 Ie 

10 6 14 

iil 34 46 

12 Piel 51 

13 23 35 

14 Ord, 44 

15 28 43 

16 15 20 

a7, 14 17 

18 3 12 

Total 205 O25 
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reached. All three observers agreed 
46 cases out of 150. 

The mean intrapair differences and t 
standard errors of these means, in yea 
were as follows: 

K.K — J. x= -- O05 ss — 0:04. 
KK, —— NOL) xe -- 01175 s=— 003% 
J. — Vel) x — — 0,01 is 0104; 


In the two first cases the mean diff) 
ence is clearly statistically significant, i.) 
there was a clear tendency for the seniji 
author to give higher skeletal age esg 
mates than the other assessors; betwe' 
the two others no systematic differen, 
was found. | 

In the second sample, which was 4% 
sessed by one observer (M.L.) throughouf, 
her observations were checked in 1° 
cases by another assessor (J.H.) and, 9 
in the first sample, no systematic diffef: 
ence was found between their estimateg: 

Since all the films were assessed jf] 
M.L., her readings were used in the preg 
ent study. 


RESULTS 


The mean differences in the skeletal aif 
between our sample and the standards 
Greulich and Pyle, together with the sta 
ard deviations and standard errors of t 
means, separately for boys and girls, fi 
the total samples, are given in table 2. | 

The mean differences were calculateg 
for yearly age groups of both sexes, tcl] 
and were plotted on a graph (fig. 1). T 
curves connecting the points are rathj 
irregular. When the lowest and highe 
age groups are not considered, the grou’ 
from 11 to 15 years which include s 
stantial numbers of children reveal 
clear trend towards an increasing or d 
creasing difference with age. Thereford 
and because of the small number of chi 
dren in the majority of the age grou! 
it was felt that one total mean for ead 


TABLE 2 


The mean deviation of the skeletal age of FinniA 
children from the norms of Greulich 
and Pyle, in months 


N x Sx Sx 
Boys 205 —7.8 LiL SS) 0.7 
Girls 325 —5.9 11.70 0.6 


< 
a2 NW eFunns wo 


7 8 3 101 12 


Fig. 1 


ference between the Finnish and American 
jchildren. 

| The difference between the sexes barely 
sescapes being statistically significant at 
the 5% risk level (t=1.92, 0.1>P> 
10.05 ). 

COMMENTS 


; The inspectional method of estimating 
ithe skeletal age, although widely used be- 
jcause of its convenience, has been criti- 
sized from time to time (Acheson, 754, 
iFalkner, 58), mostly from the researcher’s 
(point of view. Mainland (753) published 
|a pilot study on the subjective errors of 
the method and discussed his findings, 
-concluding that more information is 
needed on these aspects. 

In the present study a small systematic 
terror was found between a somewhat ex- 
tperienced and two inexperienced asses- 
sors, while the latter two appeared to agree 
|in their estimations of the skeletal age. 
.The systematic error was quite small, only 
about two months. In view of the magni- 
tude of the standard deviation found in 
normal child populations (Greulich and 
Pyle, 50), averaging ca. 10 months, this 
systematic error appears negligible, for 
‘all practical purposes. Our results, then, 
‘support Falkner’s (58) opinion of the 
validity of the inspectional method in 
clinical use. 


HAND AND WRIST SKELETAL DEVELOPMENT 


i YA We We WW jb 


: The mean deviations of skeletal age of Finnish children from the norms of 
Greulich and Pyle in yearly age groups, for both sexes. 
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19 yrs 


It was interesting to see that the sys- 
tematic error found here was of the same 
magnitude as that found in Mainland’s 
(753) study, and to the same direction, 
i.e., the more experienced observer tended 
to estimate the skeletal age higher than 
the less experienced observers. 

The differences in skeletal development 
between Finnish and American children 
varied considerably in different age classes. 
It is felt that this must be a sampling 
effect, as it is difficult to find any biolog- 
ical explanation for the fluctuations found 
in our material in this respect. 

On an average, the Finnish children 
tend to lag behind their American age 
mates in the skeletal development, the 
difference being of the order of half a 
year. Both samples compared here are 
urban children which permits the com- 
parison. It should be noted that the sam- 
ple of children on which the atlas of Greu- 
lich and Pyle is based belongs to an earlier 
generation than our sample. The secular 
trend would thus be likely to increase the 
difference if studied between an American 
sample of the same generation as ours, 
though the effect of the secular trend is 
hard to estimate. On the other hand, if 
the systematic error found in the present 
study is considered it might be said that 
the figures given here are too high, since 
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the lowest estimates were used. The net 
result of weighting these two antagonistic 
factors may well be zero, and the figures 
may thus be taken as fairly reliable indi- 
cators of an existing difference between 
the two child populations. 

Although our approach was clinical and 
the assessment was done accordingly, it 
seems safe to conclude that the results of 
this study stress the need for population- 


specific norms when the _ inspectional 
method is employed. 
SUMMARY 


A study on the skeletal development of 
the hand and wrist of 530 apparently 
healthy Finnish children, ranging from 5 
to 18 years of age, resulted in the follow- 
ing findings: 

1. A small systematic error was found 
between one somewhat experienced and 
two inexperienced assessors when using 
the inspectional method and the atlas of 
Greulich and Pyle (50). The experienced 
assessor's estimates were, on an average, 
ca. two months higher than the estimates of 
the two other observers who were in agree- 
ment. A systematic error of this magni- 
tude cannot be considered to invalidate 
the method for clinical use. 

2. The skeletal development of Finnish 
children was found to be slower than that 
of American children, represented by the 


AND M. LAPPALAINEN i 


sample of Greulich and Pyle. The meaj} 
difference for boys was 7.8 months, fa} 
girls 5.9 months; the sex difference wef) 
not significant at the 5% risk level. Thi 
finding indicates a need for populationf} 
specific norms when using the inspection; 
method. 
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old Crow, Yukon Territory' 


the Blood Groups of the Kutchin Indians at 


M. LEWIS,? J. A. HILDES,? H. KAITA+ anp B. CHOWN: 
Rh Laboratory, Winnipeg, Man. 


d This report concerns the blood groups 
id the blood group genes of the Indian 
“habitants of the village of Old Crow, 
dyhere physiological studies were con- 
Mieted and blood samples collected by 
‘teving et al. (59) in the summer of 1958. 
f village of 165 inhabitants, Old Crow is 
jituated near the junction of the Old Crow 
;nd Porcupine Rivers in the Yukon Terri- 
‘ory of Canada, about 35 miles east of the 
)laska-Yukon border and 75 miles north 
jf the Arctic Circle. To the people from 
‘yhom the present population derives, 
larly white explorers, travelers and trad- 
i gave the names Kutchin and Loucheux, 
ihe former a native word meaning simply 
the people,” the latter a French word, the 
igxact connotation of which is obscure in 
“ts application to these people. The Kut- 
thin are the most north-westerly Athapas- 
ixan- speaking people; when first known 
ihey were essentially the people of the 
4Yukon River Basin. 
' According to Mooney (’28) the popula- 
jion before contact with Whites was esti- 
‘mated at 3,000. They were bordered on 
the south by the Tlinkit Indians, on the 
jzast by Hare and Nahani tribes who, like 
‘the Kutchin, belong to the Athapaskan 
jlanguage group and to the north by the 
|Eskimo. There is no record of Eskimos 
lmarrying into the population, and so far 
as Whites are concerned, while the first 
‘recorded white contact was made by Alex- 
wander Mackenzie in 1789, continuous con- 
‘tact did not commence until around 1840. 
Jenness (58) estimates that perhaps 700 
Kutchin are living within the borders of 
Canada at the present time. There are 
also settlements of them about Fort 
Yukon, Chandalar and Circle in north-east 
Alaska. 

Physically the population of Old Crow is 
essentially isolated. Genetically it may be 
looked upon as a breeding isolate into which 
some white genes have been introduced. 


This became apparent when a detailed 
genealogy was drawn up, a remembered 
record involving 5 generations and extend- 
ing back to about 1850 or earlier. Eleven 
white men are known to have married 
into it in the last three generations, while 
the gene data suggest that white blood 
may have been introduced even earlier. 

Whatever the regulation of mating may 
have been in the past, today no breeding 
pattern is discernible. However, by neces- 
sity, there is a greater frequency of cousin 
marriages than is wont to occur in larger 
populations: of the 54 matings currently 
in the child-bearing period, one quarter 
are between cousins of some degree, 
mostly second-cousins but in one instance 
first, as illustrated in the excerpts from 
the population genealogy given in figures 
Jiavand 1b: 

The facts given us by our informants 
allow us to trace the population back at 
least 5 generations in most cases as men- 
tioned and illustrated. Two sets of sib- 
lings in generation I have given rise to 91 
of the people tested, 26 of these being de- 
scended from both families. In the newest 
generation which comprises some 55 
youngsters, there are only three whose 
ancestry can be traced without finding any 
two ancestors related. Allowing for the 
known relationships in generation I, the 
Indian gene pool in that generation could 
be no greater than 230 for any given blood 
group locus. However, a study of the 


1 Editor’s note: This paper was presented at the 
28th Annual Meeting of the American Association 
of Physical Anthropologists, 1959. Its publication 
was delayed by the editor in anticipation of use in 
a centennial volume which did not materialize. 

William S. Laughlin 
2Rh Laboratory and Department of Pediatrics, 
University of Manitoba, Canada. 

3 Defense Research Board Arctic Medical Re- 
search Unit, Department of Physiology, Univer- 
sity of Manitoba. 

4 See footnote 2. 

5 See footnote 2. 
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EXCERPT FROM POPULATION GENEALOGY ILLUSTRATING COUSIN MARRIAGES | 


f 
i 
Figure la j 
| 
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Figure 1b 
Fig. la and 1b. The heavy bars in figures la and 1b indica 
X and Y are the same in both figures, 
on his father’s side, and figure 1b on 
who have mated outside the famil 
not in the direct family descent. 


te cousin matings. The two persq | 
figure 1a illustrating the cousin matings in the sibship of | 
his mother’s side. The figures have been stripped of sibling 
y line. There were other relationships between some of the spous# 


genealogy reveals that a large proportion 
of these have been lost, and that in the 
existing population a maximum of 70 can 
be extant. It is then the sort of population 


in which we might expect to see the ¢ 
fects of genetic drift; those effects seelll 
evident in the skewness of the frequenci | 
of some of the blood group genes. 


MATERIALS AND METHODS 


Qn two occasions during September 
38 venous blood samples were collected 
m a total of 114 persons. The samples 
re taken into sterile tubes containing 
iever’s solution and forwarded immedi- 
ly to our laboratory in Winnipeg where 
‘by were tested within 4 days of collec- 
jn. The section of the population not 
luded in the study was mostly children 
pre-school age whose parents and sib- 
gs were included. 

for a description of the sera and meth- 
h used the reader is referred to a study 
jthe Copper Eskimo (Chown and Lewis, 
) from which the present study differs 
y in the following substitutions and 
jissions: anti-S (Hog), indirect Coombs; 
ii-C+C” (Bill), anti-C’ (Kra) and anti-D 
Jno), capillary; anti-E+E” (McL), capil- 
ly papain; no tests were made for Fy’, 
*, Lu’, Vw, He, Wr’, Be*, By* or Secre- 
| status. 

iThe gene frequencies for the MNSs 
jitem were determined by the method 
yen by Mourant (754) for populations 
(ted with the 4 anti-sera. For the P sys- 
|a the square root method was used, and 
[ the Rh system, a straight gene count. 


RESULTS 


‘To simplify matters the results are set 
it in the order of increasing complexity 
| her than in the usual manner. 

|ABO system. Of the 114 persons tested 
113 were group O; one, a child, 
was group B. The child’ s maternal 
grandparents were both group O 
so we attribute the B to his white 
father. 

Kell system. All 114 reacted K— k+ 
Kp(a—b+) and are therefore as- 
sumed to be k’-k’. 

\Duffy system. All 114 reacted Fy(at). 

‘Diego system. All 114 reacted Di(a—). 

'Yt*. 113 group O were tested and found 
to be Yt(at+). 

‘Lewis system. 113 group O were tested; 
9 were Le(at+), 104 Le(a—). The 
9 Le(a+) were members of three 
family groups. The Lewis system 
is in such a state of upheaval that 
it seems pointless to attempt to 

determine gene frequencies. 


BLOOD GROUPS OF KUTCHIN INDIANS 


TABLE 1 


The MN groups 
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“Pureblood” All 
Phenotype 
Number Frequency Number Frequency 
MM 55 0.5978 58 0.5088 
MN 34 0.3696 no 0.4649 
NN o 0.0326 S 0.0263 
92 1.0000 114 1.0000 
Gene frequencies 
M 0.7826 0.7413 
N 0.2174 0.2587 
1.0000 1.0000 
TABLE 2 
The Ss groups 
“Pureblood” All 
Phenotype 
Number Frequency Number Frequency 
SS 10 0.1087 14 0.1228 
Ss 31 0.3369 45 0.3947 
ss 51 0.5544 55 0.4825 
92 ——-1.0000 114 ‘1.0000 
Gene frequencies 
S OD77A 0.3201 
s 0.7229 0.6799 
1.0000 1.0000 
TABLE 3 
The MNSs groups 
“Pureblood” All 
Phenotype 
Number Frequency Number Frequency 
MMSS 3 0.0326 4 0.0351 
MMSs 16 0.1739 18 0.1579 
MMss 36 0.3913 36 0.3158 
MNSS 7 0.0761 10 0.0877 
MNSs 13 0.1413 29 0.2193 
MNss 14 OnlS22: 18 0.1579 
NNSS 0 0.0000 0 0.0000 
NNSs 2 0.0217 2 0.0175 
NNss 1 0.0109 1 0.0088 
92 1.0000 114 1.0000 
Gene frequencies 
MS 0.1895 0.2109 
Ms 0.5931 0.5304 
NS 0.0876 0.1092 
Ns 0.1298 0.1495 
1.0000 1.0000 
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TABLE 4 
The P groups 
a « > All 
Possible Pureblood 
Phenotype genotype Number Frequency Number Frequency 
P+ P,P, 27 0.2935 36 0.3158 
Py:P2 
Pi Oy 8) 
P— Tj(a+) Py-P2 65 0.7065 78 0.6842 
Po a 2) 
92 1.0000 114 1.0000 
Gene frequencies 
P, 0.1595 0.1728 
Pz + p 0.8405 0.8272 
1.0000 1.0000 
TABLE 5 
The Rh groups 
Reaction Possible ~Pureblood” oe 
CcDEe genotype Number Frequency Number Frequency 
FPS ops CDe-CDe 4 0.0435 8 0.0702 
CDe:Cde 
—++4-— cDE:-cDE 54 0.5869 57 0.5000 
cDE-cdE 
++44++ CDe:-cDE 27 0.2935 40 0.3509 
Cde:-cDE 
CDe:cdE 
CDE-cDe 
CDE:-cde 
CdE-cDe 
t++4+—+ Cde-cDe on 0.0326 3 0.0263 
CDe-cde 
CDe:-cDe 
—++4+44 cDE-cDe St 0.0326 tS) 0.0438 
cDE:-cde 
cdE-cDe 
+4+++— CDE-cDE 1 0.0109 1 0.0088 
CDE-cdE 
CdE:cDE 
92 1.0000 114 1.0000 
Gene frequencies 
CDe + Cde 0.2066 0.2588 
cDE + cdE 0.75542 0.7018 
cDe + cde 0.0326 0.0350 
CDE + CdE 0.0054 0.0044 


1.0000 1.0000 


1 The 6 persons who constitute the frequency for cDe + cde of 0.0326, appear in figure 3. 
This frequency then we believe to represent cDe alone. 
20.7554 is given for the sum of the frequencies for cDE + cdE. There is no evidence 
for the presence of cdE in this population nor is it an Amerindian trait. 
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_ The results for the MNSs, P and Rh sys- 
ems are set out in tables 1 to 5. Two sets 
of data are given in each table; one for 
the “purebloods” as determined by the 
zenealogy, the other for the whole popula- 
‘ion sample. Additional observations con- 
cerning these three systems are as follows: 

MNSs system. All 114 were Mg— and 
Mi(a—). 

P system. Samples reacting P— were 
tested with anti-Tj*; all were 
CAG 

| Rh system. Samples reacting c+ e+ 
were tested with anti-V; all were 
| V—. All 114 were Cv—. 

There were no irregularities in the in- 

heritance of any of the blood group genes. 


DISCUSSION 


| Considering the “pureblood” fraction of 
jthis population, deviations from what 
‘might be expected are to be seen in the 
ABO, MNSs, Rh and Diego systems. Ac- 
jcording to Boyd (’39), Grant in 1938 
jtested 28 Loucheux of the Mackenzie 
(Basin and found them all to be group O. 
(However, we have found in other Athapas- 
jkan Indians (unpublished data) the fre- 
|quency for the gene A to be from .10 to 
'.15 while others have also found A in In- 
idians of Athapaskan stock, for example 
!.13 for Hupa (Hulse, 59) and .03 to .08 
in three Alaskan settlements (Corcoran, 
|Allen, Allison and Blumberg, ’59). The 
)}Old Crow population lacks A; this we 
(would ascribe to drift. 

| In the MNSs system the frequency for 
(‘NS of .09 is the highest of any Indian 
| population we have studied and is consid- 
) erably higher than that demonstrated in 
jtheir close relatives studied by Corcoran 
‘et al. (59). A frequency of .09 is essen- 
tially the same as that found in Whites; 
| it can hardly be ascribed to the small num- 
ber of unknown Whites who might have 
bred into the population. Again we think 
drift the most likely explanation. 

In the Rh system, the frequency for the 
gene CDE of .76 is the highest, so far as 
we know, of any recorded population, the 
closest to it being .61 for the British 
Columbia Coastal Indians (Mourant, ’54) 
‘and .62 for 110 Alaskan Athapaskans liv- 
‘ing at Fort Yukon (Corcoran et al., 59). 


The replacement of CDe by cDE is best 
explained by drift. 

In the Diego system, the gene Di’ is not 
present; the only other Indian populations 
from which it has been reported to be 
absent are the Winikina-Warrau at the 
mouth of the Orinoco (Layrisse, Arends 
and Wilbert, 58) and the Tlinkit (Cor- 
coran et al., 59). Corcoran et al. (’59) 
found only one Di(a+) in 206 Alaskan 
Athapaskans. Although this lack of Di? in 
the present population could be explained 
by drift, the similar findings of Corcoran 
et al. may indicate some other explana- 
tion. 

Such is the evidence that, in this small 
breeding isolate, the effect of drift is mani- 
fest in three, and possibly in 4 blood group 
systems. In view of this it would be fruit- 
less to try to compare the Old Crow blood 
group results with studies on other popu- 
lations with the aim of establishing racial 
relationships. Equally it would be a seri- 
ous error to use the figures as representa- 
tive of the Athapaskan at large. 

So much for the general population ge- 
netics; for the serologist one family (fig. 
2) is of particular interest. The proposi- 
tus, III-2, is Le(a+). Our experience with 
Indians and Eskimos has led us to believe 
that the gene Le* is not present in the 
purebloods, and that its presence indicates 
the invasion of the population by a foreign 
gene, usually white. Accordingly, al- 
though the propositus was born in 1890 
and is believed to be pureblood, the pres- 
ence of Le* suggests that she is not. This 
suggestion gains support from considera- 
tion of the reaction of her blood with anti- 
D of the Rh system. 

When the tests were being done it was 
noted that 2 of the 114 samples took a 
much longer time to agglutinate with anti- 
D serum than did the others; their Rh re- 
actions were C+ c+ D+ E— e+. The three 
possible genotypes for these reactions are 
CDe:cde, CDe:cDe, and Cde-cDe. In 1955 
while studying a hybrid Cree population 
(Chown and Lewis, 56, 57) we observed 
that some members of a large sibship re- 
acted weakly with anti-D; all of the weak- 
reactors had, partnered with their D-posi- 
tive gene, the D-negative gene Cde. 
Ceppellini, Dunn and Turri (55) had made 
the same observation on the people of the 
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GENEALOGY ENCOMPASSING THE TWO “WEAK D” REACTORS 
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Fig. 2 III-2 and V-5 were the only members of the population whose blood reacted weakly wit if) 
anti-D, as D-positive bloods may do when D is partnered with Cde. IV-6,7,9 or 10 could carry CD 
or Cde hence the question mark. All members Le(a—) unless otherwise indicated. 


Ghetto in Rome, and Levine, Celano, Mc- 
Gee, Muschel and Griset (57) reported on 
this same phenomenon. However, we con- 
cluded at that time, and further experi- 
ence has borne this out, that “different D 
antigens react differently with the same 
Cde and [this] implies an inherent vari- 
ability of the D antigen.” We have ob- 
served that as one goes from Mongoloid 
to Caucasoid to Negroid there is a steady 
diminution in the average strength of re- 
action of the D antigen. The difference 
between Negroid and Caucasoid is well 
recognized, D"* being common in the 
Negroid. However, the difference between 
Mongoloid and Caucasoid is scarcely no- 
ticed unless a method involving time or 
strength of reaction be used; then it is 
quite striking. The fact then that the re- 
action of III-2 and V-5 with anti-D is de- 
layed suggests two things: first that one 
of the genes present is Cde, and second 
that the D-carrying gene can be depressed 
by that Cde and is therefore potentially 
weak and more likely of white than of In- 
dian origin. This then lends support to 
the suggestion made by the presence of 
Le*, namely that III-2 has a white ancestor. 


CJ Not |) 
& 'Normal' Dijj 


So t ' i 
S Weak D | 


| 
: 


i 
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The above argument also illustrates an 
other serological fact, namely that th) 
strength of reaction may at times allow 
one to determine the genotype directlt 
from the phenotype. The above reaction} 
indicate that of the three possible gend 
types the propositus and her grandaugh 
ter, V-5, must be Cde-cDe. If this is sé 
then IV-2 and V-1, 3 and 4 carry cDe. Fur) 
ther IV-8 must carry Cde while IV-6, 7, 
and 10 may carry Cde rather than CDe 
but if they do the partnered D, being I 1] 
dian, is not depressed. Direct proof off 
these genotypes of course depends upo 
continued recombination which may inif} 
future generations yield persons of thal 
genotypes Cde-Cde and cDe-cDe. 


} 


p 
: 


CONCLUSIONS 


Evidence has been presented that in the] 
small breeding isolate under study the} 
effect of genetic drift is manifest in threef 
and possibly 4 blood group systems. | 

Attention is drawn to the fact that thel 
strength of reaction of the D antigen mayf 
at times indicate the probable genotype 
and also to the difference in strength off 


| 
i| 


a | 
q 


\his antigen as between Mongoloid and 
vaucasoid. 
SUMMARY 


| One hundred and fourteen Kutchin In- 
lians living at Old Crow, Yukon Territory 
vere the subjects of a blood group study; 
32 of these were designated as pureblood. 
‘The gene frequencies for the “pureblood” 
were as follows: O 1.0000; MS .1895, Ms 
|5931, NS .0876, Ns .1298; P, .1595, P2+p 
(8405; CDe+Cde .2066, cDE+cdE .7554, 
mepe-+cde .0326, CDE+CdE .0054;. k° 

.0000. Other blood groupings were: 
WFyCat) 1.0000; Di(a—) 1.0000; Yt(at+) 
41.0000; MiC(a—) 1.0000; Le (a+) .0543, 
|beCa—) .9457. A detailed genealogy re- 
iveals that cousin matings are not uncom- 
mon and that the population is essentially 
ja breeding isolate so far as Indian genes 
fare concerned. The lack of A and Di‘, the 
\relatively high frequency of NS and the re- 
iplacement of CDe by cDE are assumed to 
ibe evidence of genetic drift. Evidence is 
jgiven for the presence of the genes cDe 
fond Cde and attention is drawn to the fact 
jthat the strength of the D antigen seems 
‘greater in Mongoloids than in Caucasoids. 
)The addition of white genes introduces B 
and increases the frequencies of N, S, P,, 
uC De+Cde, cDe+cde and Le(at+). 
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Studies on the Caingang Indians 


III. BLOOD GROUPS 


FRANCISCO M. SALZANO 


Departamento de Genética, Instituto de Ciéncias Naturais, Unive7zsidade do 
Rio Grande do Sul, Pérto Alegre, Brazil 


The study of blood groups can give im- 
portant insight into micro-evolutionary 


_problems. It has therefore been included 


in the researches which are being described 
in this series of papers about the Cain- 
gang Indians of Rio Grande do Sul, Brazil. 

These Gé-speaking populations have al- 
ready been studied from the demographic 
(Salzano, 61a) and genetic-morphologic 
(Salzano, 61b) point of view. Also a re- 
port about their hemoglobin types was 
published by Tondo and Salzano (’60). 
The demographic studies showed that 
Caingang communities in Rio Grande do 
Sul present a high degree of isolation with 
high inbreeding coefficients. At least in 
some loci these conditions are favorable to 
the occurrence of genetic drift. Besides 
there exists a local variation in the amount 
of gene flow between the Indians and their 
neighboring populations; and the high 
mortality before the age of reproduction 
indicates that also selective factors have to 


} be taken into consideration in studying 


these groups. 
To what extent then are the complex 


/ interactions between these factors modify- 


ing the gene frequencies in regard to blood 
group systems? This was the main ques- 
tion which determined the study that is 
now being presented. In addition the 


} collection of new serological data about a 
South American tribe are of intrinsic in- 
terest for racial comparisons. 


MATERIAL AND METHODS 
The individuals under consideration live 


in 4 localities in the Northern region of the 
State of Rio Grande do Sul, Brazil. Details 


about these places and the populations in- 
habiting them can be gathered from earlier 
reports of this series (Salzano, 61a, ’61b; 


' Tondo and Salzano, 60 ). 


Two cubic centimeters of blood were col- 
lected by venipuncture and placed in steri- 
lized tubes with an anticoagulant (0.2 cc 
of the following solution: ammonium oxa- 
late: 2.4 g; potassium oxalate: 1.6 g; 
formalin (40% ): 2 cc; distilled water: 
200 cc. The liquid portion of this solution 
was evaporated in an oven and the tubes 
closed with sterilized rubber corks). These 
tubes were kept in an ice-box until the ar- 
rival to the laboratory which occurred three 
or four days after the collection. In the 
laboratory they were placed in the refriger- 
ator until the performance of the tests. 
These were finished three to seven days 
after the collection. The method of collec- 
tion, transport and conservation of the 
blood seems to have given satisfactory re- 
sults, since the samples generally arrived 
in Porto Alegre in very good condition. 
For control reasons in a number of in- 
stances the author’s blood was collected at 
the same time the samples were drawn; it 
always showed the expected reactions ac- 
cording to tests previously performed at 
the University of Michigan. All tests were 
made with the appropriate control. 

The antisera used were the following: 
1. anti-A and anti-B: Laboratério Paulista 
de Biologia; Banco de Sangue de Sao 
Paulo; Johnson; Pinheiros; Ortho Phar- 
maceutical Co. 2. Anti-Ai: Ortho. 3. Anti- 
Az (H): seed extracts of Ulex europeus 
prepared following the method of Boyd and 
Shapleigh (754). 4. anti-M: Ortho and one 
of human origin furnished by Dr. F. Otten- 
sooser. 5. anti-N: Ortho and seed extracts 
of Vicia graminea, prepared by Dr. F. Ot- 
tensooser (Ottensooser, ’58). 6. anti-C (rh’): 
Ortho. 7. anti-c (hr’): Ortho. 8. anti-D 
(Rho): Ortho; Laboratorio Paulista de 
Biologia; Johnson. 9. anti-C +D (rh’ + 
Rho): Johnson. 10. anti-E (rh”): Ortho; 
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anti-e (hr”): Certified 
Blood Donor Service, Inc. 12. anti-Kell: 
Knickerbocker Blood Bank. 13. anti-P: 
Knickerbocker Blood Bank. 14. anti-Diego: 
furnished by Dr. Miguel Layrisse. 15. 
anti-human globulin: Johnson; Ortho. 
~All tests were performed in tubes and in 
all cases the instructions given by the sup- 
plier of each particular serum were fol- 
lowed rigorously. In almost all cases the 
two anti-N cited were used simultaneously 
for a mutual control of specificity. 

In estimating the various gene frequen- 
cies the fact that part of the individuals 
were related to others tested was taken into 
account, the “original parents method” by 
Ceppellini, Siniscalco and Smith (’55) be- 
ing used for estimating the population fre- 
quencies. In relation to the Rh system (re- 
sults when 4 sera are used) the formulas 
developed by Mourant (’54) and the stand- 
ard errors derived by Boyd (’56b) were ap- 
plied. The standard errors for the fre- 
quencies in the other systems were those 
indicated by Ceppellini et al. (l.c.). 


Johnson. 11. 


TABLE 1 


ABO blood group phenotype and gene frequency estimates in Caingang communities 
of Rio Grande do Sul, Brazil 


M. SALZANO 


RESULTS 
ABO blood groups 


The results arrived at for this blooc} 
group can be seen in table 1. The las 
column of these and the following tables}/ 
always shows the number of genes utilizec}} 
for the calculation of the respective gene} 
frequency. In this way the reader can havefj 
an idea of the degree of selection necessary}} 
in order to determine these frequencies}} 


lated individuals. 

Examining table 1, one can see thaij} 
group O individuals predominated. From} 
the total number of individuals of all local- 
ities 94.63% belonged to this group whil 
4.03% and 1.34% respectively belonge 


were r= 0.9687; p=0.0219; 
0.0094. The differences among localities]j 
are not statistically significant. . 

In table 2 the results here reported ar 
compared to those obtained from other pop+ 
ulations of Brazilian Indians. As one sees} 
here 1,837 individuals tested in more tha 


Localities Oo A B Total pi qi ri No. of 
Guarita I 97.73 1.13 1.14 88 = 0.0078 0.9922 
M 97.06 2.94 = 34 =a oe a 
Total 97.54 1.64 0.82 122 0.0129 0.0065 0.9806 
Nonoai I 98.36 0.82 0.82 122 0.0048 0.0048 0.9904 
M 75.00 ‘12.50 12.50 8 ae a ak 
Total 96.92 1.54 1.54 130 0.0090 0.0090 _— 0.9820 
Ligeiro I 98.46 1.542 = 65 0.0104 ate 0.9896 
M 76.32 18.422 5.26 38 ee = Sess 
Total 90.29 7.77 1.94 103 0.0403 0.0133 + ~—«0.9464 
Cacique I 96.97 3.033 a: p’ = 0.0106 
66 pe = 0.0107 eee 0.9787 
Doble M 80.77 15.384 3.85 26 a = we 
Total 92.39 6.52 1.09 P= Orie 
92 Foote 0-008) dese 
Alllocalities I 97.95 1.47 0.58 341 0.0076 0.0038 0 
M_ 83.96 12.27 3.77 106 ae sh ee 
Total 94.63 4.03 134 447 0.0219 0.0094 0.9687 


I= Indians; M = Mestizos. 


‘Letters commonly used to represent the frequencies of genes I4, I® and I°, respectively 


2 All Aj. 
2 One A; and one A. 
4 Three A; and one Ag. 


— . ae ca 


risky 
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TABLE 2 


ABO blood group phenotype and gene frequency estimates in several Brazilian Indian populations 


Grande do Sul 


: No. 
Population Author aca O A B p} g! ie es 
' More than 15 Review in 
tribes, Brazil Salzano (757) 1,837 100.00 a — — — 1.0000 3,674 
Caingang, Fernandes (39 ) 39 94.87 -—— 5.13 -o 0.0260 0.9740 78 
Parana 
Caingang Fernandes 
(Indians and et al. (57) 76 8158 5:27 13.16) 10,028 0.044 0.928 in 
Mestizos ), 
Parana 
Caingang, Rio Present report 341 S795) 1247, 0.58 0.0076 0.0038 0.9886 SPi7/ 


* Letters commonly used to represent the frequencies of genes I4, I® and I°, respectively, 


_15 Brazilian tribes show the exclusive oc- 


currence of blood group O. There is strong 


| evidence, therefore, that any I* or I® gene 


which appears among Brazilian Indians 


. would have been introduced through inter- 
| breeding with White or Negro individuals. 
_ This is the probable explanation for the 


small quantities of such genes present in a 


_ fraction of Caingang individuals who, mor- 


phologically, did not present any sign of 
hybridization. But the high frequency of 
the I° gene observed in the Indian com- 
munities of Rio Grande do Sul shows that 
200 years of contact with Whites and 


. Negroes were not sufficient to modify in a 


significant way the gene frequencies of 
these populations regarding this system. 
The Caingangs of the State of Parana, for 
instance, show to a much larger extent 
the effect of interbreeding with groups of 
different ethnic origins. 


The MN system 


Results regarding this system in Indian 
populations of Rio Grande do Sul are 
shown in table 3. The frequency of the m 
gene in all localities is 0.6994 + 0.0224. 
The differences among localities are not 
statistically significant. 

In table 4 the data obtained among the 
Caingang Indians are compared with those 
observed among other Brazilian Indian 
populations. The frequencies of the m 
gene varied to a relatively small degree in 
6 of the 7 populations listed (from 0.65 
to 0.71). The Caiuas, however, show the 
aberrant frequency of 0.91 (a value which 


is different in a statistically significant way 
from the others). New studies among 
them are needed in order to see if this 
difference is real or if it was caused by 
spoiled sera or sampling accident. 


The P system 


Table 5 shows the results obtained 
among the Indian communities of Rio 
Grande do Sul concerning this system. In 
a total of 243 individuals 49.38% were 
P,+, giving a value for the Pi gene of 
0.2504 + 0.0245. The differences among 
localities are not statistically significant. 

The value obtained among the Cain- 
gangs is compared in table 6 to those re- 
ported for other South American tribes. 
There is no difference in frequencies be- 
tween the two Brazilian populations tested, 
but some tribes studied by the group of 
Layrisse in Venezuela present a higher 
frequency of the Pi gene. An isolated com- 
parison between the different ethnic groups 
tested does not show any significant differ- 
ence, but if the Irapa and Macoita sam- 
ples are combined and compared with the 
Caingangs the difference becomes signifi- 
cant (X’— 4.26: 1 df: P< 0.05). It is 
interesting to mention that North Ameri- 
can tribes generally present high fre- 
quencies of P:. Some Venezuelan tribes, 
therefore, could be considered as inter- 
mediaries between those with high fre- 
quencies found in the North and the ones 
with lower frequencies observed in the 
South. 
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TABLE 3 . < 
MN blood group phenotype and gene frequency estimates in Caingang communities 
of Rio Grande do Sul, Brazil 
Localities MM MN NN Total Gene m 
0.6316 
Guarita NT 26.83 68.29 4.88 41 + 0.0640 
M 76.92 23.08 — 13 = 
0.6849 
Total 38.89 57.41 3.70 54 + 0.0548 
0.6949 
Nonoai I 66.67 12.12 91,21 33 + 0.0600 
M_ 100.00 — = 1 Gros 
Total 67.65 11.76 20.59 34 = 0.0583 
0.7851 
Ligeiro I 60.00 Soros 4.62 65 +0.0412 
M 36.84 52.63 10.53 38 — 
1 1.45 41.75 6.80 103 oe 
Tota OL: : ; + 0.0361 
0.6646 
Cacique I 46.97 46.97 6.06 66 + 0.0490 
Doble M 50.00 46.15 3.85 26 — 
0.6794 
Total 47.83 46.74 5.43 92 + 0.0436 
are 0.7023 
All localities I 50.24 41.95 VeRcwe 205 + 0.0265 
M 48.72 44.87 6.41 78 — 
0.6994 
Total 49.82 42.76 7.42 283 + 0.0294 
Tests with anti-N only 
N+ Total Gene m No. of 
genes 
, 0.6666 
Nonoai I 52.63 19 + 0.0988 36 
M_ 50.00 2 — a 
0.6709 
Total 52:38 21 + 0.0829 40 
I = Indians; M = Mestizos. 
TABLE 4 
MN blood group phenotype and gene frequency estimates in several Brazilian Indian populations 
Population Author eee ‘d MM MN NN 
Tucanos, Amazonas Biocca and 
Ottensooser (’44) 68 48.53 42.65 8.82 
Ramkokamekra, Da Silva (48) 236 39.41 50.85 9.74 
Maranhao 
Caiuas, Mato Grosso Ottensooser and 
Pasqualin (749) 134 79.85 19.40 ONS 
Carajas, Mato Grosso Junqueira et al. (’57) 51 56.86 33.34 9.80 
Several, Mato Grosso Leite, Villela and 
Vegas (758) 50 46.00 50.00 4.00 
Caingang (Indians Fernandes et al. (’57) 76 36.84 47.37 15.79 
and Mestizos), 
Parana 
Caingang, Rio Present report 205 50.24 41.95 7.81 


Grande do Sul 
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TABLE 5 


P blood group phenotype and gene frequency estimates in Caingang communities of 
Rio Grande do Sul, Brazil 


Localities Pi+ Total Gene P; poe ee 

Guarita I 40.00 35 Ros 48 

M 53.85 13 - = 

| Total 43.75 48 neat 64 
Ligeiro I 53.85 65 Sa 93 

M 63.16 38 = = 
Total 57.28 103 Dees 147 
Cacique Doble I 36.36 66 Re 97 

M 61.54 26 ee = 

7 0.2209 
| otal 43.48 92 ee 117 
All localities I 43.98 166 wee 238 
M 61.04 77 = = 
Total 49.38 243 ee 328 
I= Indians; M = Mestizos. 
TABLE 6 


P blood group gene frequency estimates in several South American Indian populations 


Population Author Gene P; No. of 
+ indiv. 
Venezuela 
i | Irapas Layrisse, Layrisse 
and Wilbert (’60a ) 0.3190 138 
Macoitas Layrisse, Layrisse 
and Wilbert (60a) 0.3398 78 
Pariris Layrisse, Layrisse 
-} and Wilbert (’60a) 0.1699 74 
Shaparus Layrisse, Layrisse 
and Wilbert (60a) 0.2005 24 
Paraujanos Layrisse, Layrisse 
and Wilbert (’60b) 0.2929 120 
Peru 
| Quechuas Allen (759) 0.2701 428 
Brazil 
Several, Mato Grosso Pantin and Junqueira (52) 0.2325 73 
Caingangs, Rio Present report 0.2215 166 


Grande do Sul 


The Rh system 


Data concerning this system among the 
\Caingangs are presented in tables 7 and 9. 
\Table 7 shows the almost absolute pre- 
ldominance of D+. From a total of 352 
individuals examined only two (0.57% ) 
were D—. Such data agree with those ob- 


tained by other investigators. Thvis, in 26 
populations of South American Indians 
tested until now regarding this factor, in 
a total of 4,061 individuals, only 8 were 
Rh—. They can probably be accounted for 
as a result of White admixture. The evi- 
dence is strong that the Indian population 


396 


FRANCISCO M. SALZANO 


TABLE 7 


i i i ities of Rio Gran# 
blood grou henotype and gene frequency estimates in Caingang communi 
a Li do Sul, Brazil. Samples tested with anti-D (Rho) and anti-E (rh”) 


5 No. of 
Localities D+ Total Gene D pes E+ Gene e genes 
- 0.5366 
Guarita I 100.00 66 1.0000 96 74.24 eae 88 
M_ 100.00 33 = == 90.91 et, Ss 
Total 100.00 99 1.0000 122 79.80 Bere 115 
0.8583 0.4570 
Nonoai I 96.36 55 GOS 104 76.36 + 0.0490 i’ 
M_ 100.00 3 = iw 33.23 siete — 
0.8603 : 
Total 96.55 58 Ete ode 110 74.14 Syne 110 
, 0.6212 
Ligeiro I 100.00 65 1.0000 102 55.38 esha 98 
M_ 100.00 38 ee _— 68.42 ee oa 
1 100.00 103 1.0000 158 60.19 0.6124 152 
Tota : + 0.0412 
Cacique Doble I 100.00 66 1.0000 100 46.97 x pais 92 
M_ 100.00 26 = = 46.15 a = 
0.6463 
Total 100.00 92 1.0000 120 46.74 a Hie 112 
= 0.9377 0.5664 : 
All localities I 99°21 252 +0.0100 402 62.70 + 0.0265 382 
M_ 100.00 100 = ae 69.00 = aa 
0.9457 0.5703 
Total 99.43 352 eins 510 64.49 Peete 489 


I = Indians; M = Mestizos. 


of South America presented individuals 
Rh+ only before their contact with 
Whites. 

In the beginning of this research only 
anti-D and anti-E sera were available. The 
results obtained with this last antiserum 
are presented in the right hand columns of 
table 7. Supposing Fisher’s theory of ge- 
netic determination of this system is correct 
calculations could be made concerning 
genes E or e. Gene e appears with a fre- 
quency of 0.5703 + 0.0224 in the total of 
individuals examined. It is interesting to 
mention that while the standard errors did 
not show significant differences among the 
several estimates of this gene obtained in 
different populations, the more sensitive 
chi square test did show significant dif- 
ferences (total population: X? = 9.26; 3 
d.f.; P< 0.05; Indians: X*? = 8.94; 3 d.f.: 
P< 0.05). The lowest estimate of e was 
observed in Nonoai and the highest in 
Cacique Doble. Notice the similarity be- 
tween the frequencies obtained in Cacique 
Doble and Ligeiro which clearly depart 


from those observed in the two other local 
ities. 

It is difficult to explain the local varill 
tion thus obtained. As the differences 
only a little below the limit of significande 
they should not receive too much atteif 
tion, however. Therefore the results 


among other Brazilian Indian populatio 
(table 8). The numbers observed amor 
the Caingangs are close to those arrived i | 
by Fernandes et al. (57), being intermedf 
ate between those found among ti 
Carajas and several tribes of Mato Grosifl 
on one hand and the Bororos and Caiuilf 
on the other. There are statistically signill 
cant differences among the frequencies ‘ff 
the several tribes (X? = 32.33; 5 df.: Pil 
0.001). Why do tribes geographically { 

close as the Carajaés and Caiuds show sud 

discordant frequencies of e? Additionifl 
tests in these and other Mato Grosso popiff 
lations are needed to clarify this point. 


= /f 


y 


i 


4 also. 
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The phenotypes found when 4 sera are 


used simultaneously (anti-C, -D, E, -c) are 


presented in table 9. All the individuals 
computed there were tested with an anti-e 
As the results obtained, however, 
\showed a systematic deficiency of e + in- 
dividuals they were not considered. The 


| differences in the frequency of the several 


phenotypes which could be distinguished 


~}in the three populations studied are not 
| statistically significant. The calculation of 
| the frequency of the several gene arrange- 
-}ments (“chromosomes” according to the 
ae group; alleles according to Wiener) 


| was therefore made based on the totality of 
| the phenotypes observed in the three local- 
| ities (table 10). Only numbers concerning 
| the total population could be obtained. 
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lowing Mourant’s (54) method due to 
internal inconsistencies in the frequencies 
of the several genes. Such inconsistencies 
could be due to non-specific reactions of 
some sera, lack of genetic equilibrium in 
relation to these factors or sampling ac- 
cidents. At present it is difficult to make 
a decision for any one of these hypothesis. 

As can be seen in table 10 there is great 
divergency in the chromosome frequencies 
observed in the several South American 
Indian populations. However, because the 
number of individuals tested is generally 
small (with the exception of Reynafarje’s, 
07 results) one should be cautious in the 
interpretation of such divergency. The 
standard errors of the estimates calculated 
for the Brazilian samples show that the 


differences observed, which superficially 
could be considered high, do not reach the 
limit of statistical significance. 


|| With the results observed among the In- 
| dians it was not possible to calculate the 
) frequencies of the gene arrangements fol- 


| 


TABLE 8 


Rh blood group gene frequency estimates in several Brazilian Indian populations. 
Samples tested with anti-E (rh”) 


| Population Author Gene e pele 
Py 

} Carajas, Mato Grosso Junqueira et al. (757) 0.7386} 44 

i Several tribes, Mato Grosso Pantin and Junqueira (52) 0.6517 Tes 

) Bororos, Mato Grosso Ottensooser and Pasqualin (’49) 0.4827 103 

i} Caiuas, Mato Grosso Ottensooser and Pasqualin (’49) 0.4714 35 

i Caingangs (Indians and Fernandes et al. (’57) 0.65131 331 

i} Mestizos ), Parana 

" Caingangs, Rio Grande do Sul Present report 0.56642 2522 


1 Unrelated individuals only. x : 
1 2 Number of genes in which this estimate was based: 489 (Method of Ceppellini et al., 55). 


TABLE 9 


Rh blood group phenotype estimates in several Caingang communities of Rio Grande do Sul, Brazil. 
I Samples tested with anti-C (rh’), anti-D (Rho), anti-E (rh”) and anti-c (hr’) 


| Localities CCDE CCDee CcDE CcDee ccDE ccDee Total 
E Guarita I 5.71 28.57 54.29 2.86 Seo — 35 
M 7.69 15.39 38.46 — 38.46 — 13 

Total 6.25 25.00 50.00 2.08 16.67 — 48 

| Ligeiro i 6.15 32.31 27.10 10.77 21.53 1.54 65 
M 2.63 23.69 21.05 — 44.74 7.89 38 

Total 4.85 29.13 25.24 6.80 30.10 3.88 103 

| Cacique Doble I Pesyee 50.00 30.31 3.03 9.09 — 66 
z M — 42.31 38.46 11.54 7.69 — 26 
Total 5.43 47.83 S261 5.43 8.70 — 92 

All localities I 6.62 38.55 33.74 4.82 14.46 1.81 166 
M 2.60 28.57 29.86 3.90 31.17 3.90 Hi 

Total 5.35 35.39 32.51 4.53 19.75 2.47 243 


I = Indians; M = Mestizos. 
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The Kell system 


Chown and Lewis in an article published 
1 1957 expressed the point of view that 
1e presence of the antigen Kell in the 
lood of any population of North American 
idians or Eskimos would indicate the 
resence of genes of the White race. In 
1e same article they could demonstrate 
iat many of the K + found previously by 
Iatson, Koch and Levine (’54) among the 
hippewa of Minnesota could be attributed 
) technical errors and the confirmed cases 
) racial admixture. 

At the time this research was started two 
2ports, however, had already appeared 
resenting a frequency of about 20% of 
ell positives among Brazilian Indians. 
hey could indicate a significant difference 
etween South and North American In- 
jans and it was therefore thought to be 
esirable to have new data about this sys- 
em among the first. Having obtained Kell 
| ntisera for the tests they were used among 
jhe Caingang Indians. The results obtained 
an be seen in table 11. Of 243 individuals 
)tudied only 1 (0.41% ) was Kell positive. 
‘de had been classified before the tests, 
jnowever, as Mestizo. 
| In table 12 the results observed among 
phe Caingang are compared to those ob- 
}ained in other South American tribes. Not 
tonsidering the papers of Pantin and 
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Junqueira (52) and Junqueira et al. 
(57), only 4 of the 1,105 individuals 
studied proved to be K+. It is therefore 
possible that the results obtained by the 
authors of the above-mentioned papers 
were due to some undetected technical 
problem (non-specific sera?). Racial ad- 
mixture cannot explain the difference since 
the Indians under consideration have not 
had _ sufficient contact with Whites to 
change gene frequencies in such a signifi- 
cant way. 


The Diego system 


Since the first report about this system 
(Levine et al., 54) a great amount of in- 
vestigation has been carried out regarding 
its frequency in different populations. This 
was to a great extent due to Dr. Miguel 
Layrisse who generously furnished antisera 
for these tests to laboratories all over the 
world. At the time this investigation was 
started there was already a sample of Cain- 
gang Indians tested with regard to this fac- 
tor (Fernandes et al., 57). Individuals of 
this tribe living in Palmas, Parana, showed 
a very high frequency of Di(a+ ), as a 
matter of fact the highest reported at the 
time. Obviously a confirmation of this high 
frequency in other Caingang populations 
was highly desirable; therefore a letter was 
written to Dr. Layrisse asking for antisera 


TABLE 11 


Kell blood group phenotype and gene frequency estimates in Caingang communities 
of Rio Grande do Sul, Brazil 


| Localities K- Total Gene k My 
{Guarita I 100.00 35 1.0000 50 
M_ 100.00 13 = a= 
Total 100.00 48 1.0000 66 
Ligeiro I 100.00 65 1.0000 102 
Vinee Svea 38 a= — 
0.9935 
Total 9.03 103 + 0.0063 158 
Cacique Doble I 100.00 66 1.0000 100 
M 100.00 26 —- — 
Total 100.00 92 1.0000 120 
All localities I 100.00 166 1.0000 252 
| M_ 98.70 ith = = 
0.9971 
Total 99.59 243 + 0.0028 344 


J = Indians; M = Mestizos. 
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TABLE 12 


Kell blood group phenotype and gene frequency estimates in several South 
American Indian populations 


Population Author K+ Gene K 
Venezuela 
Irapas Nunez Montiel, Perez 
and Nunez Montiel (57) 1.96 0.0098 
Irapas Layrisse, Layrisse and 
Wilbert (60a) Zero Zero 
Macoitas Layrisse, Layrisse and 
Wilbert (’60a) Zero Zero 
Pariris Layrisse, Layrisse and 
Wilbert (60a) Zero Zero 
Shaparu Layrisse, Layrisse and 
Wilbert (’60a) Zero Zero 
Paraujanos Layrisse, Layrisse and 
Wilbert (’60b ) 0.83 0.0042 
Peru 
Quechuas Allen (’59) Zero Zero 
Brazil 
Several tribes, Mato Grosso Pantin and Junqueira (’52) 23.29 0.1242 
Carajas, Mato Grosso Junqueira et al. (’57) 20.00 0.116 
Caingang (Indians and Fernandes et al, (57) Zero Zero 
Mestizos ), Parana 
Caingang, Rio Grande do Sul Present report Zero Zero 
TABLE 13 


Diego blood group phenotype and gene frequency estimates in Caingang communities 
of Rio Grande do Sul, Brazil 


Localities Di(a+) Total Gene Di+ es 
Guarita I 32.69 52 + Bae 90 
Me S3Srco 21 — a= 
0.1509 
Total 32.88 73 + 0.0346 119 
. 0.0727 
Nonoai I 14.85 101 + 0.0200 174 
M 16.67 6 — — 
Total 14.95 107 + ate 188 
Ligeiro I 32.31 65 ee 98 
M 27.78 36 —_— = 
Total 30.69 101 Vere 150 
Cacique Doble I> 48:73) 39 a pene 60 
M 54.55 11 aA — ae, 
Total 50.00 50 ES GlOLae 66 
All localities I 28.02 PASI — 
M 32.43 74 — — 
Total 29.00 331 — — 


I= Indians; M = Mestizos, 


or the study. The antisera were furnished 
ind the tests made. The results can be seen 
_jitable 13. The frequency of Di(a +) found 
‘ras 29.00% in 331 individuals. But there 
.ixists a great variability in the frequency 
f carriers of this antigen in the different 
pealities studied. While Nonoai presented 
jnly 14.95% of Diego positives, in Cacique 
oble this frequency reached 50.00% ! 
(he frequency of the Di* gene varied in the 
ame way from 0.0732 to 0.2712. These 
jifferences are statistically significant (to- 
al population: X?= 16.85; 3 df.; P< 
#001; Indians: X?= 17.54; 3 df; P< 
1.001 ). 

It is difficult to decide if this variation 
“‘lepresents real differences or not. The 
/jaore discordant frequencies were found in 
\Yonoai and Cacique Doble. At the time 
\Nonoai individuals were sampled no posi- 
five controls could be used (because no 
jeep freezer was available to keep the posi- 
live bloods in glycerin); it is therefore pos- 
| 
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sible that some false negatives exist among 
these specific samples (in all other cases, 
however, positive controls were used). On 
the other hand, the reactions obtained with 
one anti-human globulin obtained from 
Ortho Parmaceutical Co. always proved not 
to be very strong, the opposite being true of 
two other globulins of Johnson and John- 
son of Brazil utilized for the tests with 
bloods from Cacique Doble. These tech- 
nical difficulties indicate that one should 
be cautious in interpreting these differ- 
ences. New studies are being planned in 
these populations in order to find a solu- 
tion for this problem. 

In table 14 the data reported here for the 
Indian fraction without signs of hybridiza- 
tion is compared to those collected by sev- 
eral investigators in populations of South 
American Indians. The figures are quite 
variable. Frequencies from zero to 35.54% 
of Di(a+ ), for instance, were reported 
for different Venezuelan tribes. Even with- 


4 TABLE 14 


| Diego blood group phenotype and gene frequency estimates in several South 
American Indian populations 


| Population Author Di(a+) Gene Dis said 
7enezuela Review in Layrisse 
? 19 Indian populations and Wilbert (’60) 0-35.54 0-0.1971 1535 
i Jutch Guiana 
4 Several Nijenhuis (personal com- 
i munication to Layrisse 
i and Wilbert, ’60) 16.44 0.0859 73 
{Jolombia 
' Tunebo (Chibcha) Layrisse, Layrisse and 
i Wilbert (unpublished ) 1.00 0.0050 100 
Peru 
Quechua Allen (759) 24.03 0.1284 308 
Quechua Layrisse, Best and 
| Bermejo (unpublished ) 3.36 0.0170 119 
| Aimara Layrisse, Best and 
Bermejo (unpublished ) 17.24 0.0903 58 
Argentina 
| Quechua Scaro (’58) 2.70 0.0136 74 
Chile 
Araucanos Meza Arrau, Stading 
and Nijamkin (58 ) 4.00 0.0213 100 
Brazil 
Several, Mato Grosso Leite, Villela and 
Vegas (58) 14.58 0.0758 48 
Carajas, Mato Grosso Junqueira-et al. (’57) 36.11 0.208 36 
Caingangs (Indians and Fernandes et al. (’57) 45.83 0.279 48 
Mestizos ), Parana 5 
i , Rio Grande do Sul Present report 14.85— 0.0727— Si 
ae ee 48.72 0.2844 
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in one single ethnic group, the Quechuas 
of Peru, frequencies as different as 3.36% 
and 24.03% of Di(a + ) were found. The 
first figure is more in accordance with the 


2.70% of Di(a + ) obtained by Scaro (58) 
among the Quechuas of Argentina. 


DISCUSSION 


According to the observations above the 
question posed in the introduction can now 
be discussed. In what way can the blood 
group frequencies observed throw light 
upon the evolutionary factors active in 
these populations? 

Data collected among these groups and 
to be reported elsewhere (Salzano, 61a) 
have shown that gene flow is occurring 
with different intensities between the Cain- 
gang and neighboring White and Negro 
populations. Despite this fact the high 
frequencies of the I°, D, m and k genes ob- 
served show that the changes occurred in 
the original frequencies prevailing before 
the contact with Whites and Negroes were 
not very pronounced. But there is no doubt 
that this factor is altering the gene fre- 
quencies of these populations. This can be 
clearly demonstrated through the strong 
parallel which exists between the quantity 
of Mestizos present in the several localities 
and the gradual lowering of gene I’ fre- 
quencies. Thus (Salzano, 61a) the locality 
which presents the largest number of In- 
dians without signs of hybridization is 
Nonoai, followed by Guarita, Cacique Doble 
and Ligeiro, while the frequencies of the 
I° gene in these communities show exactly 
the same cline (Nonoai: 0.9820; Guarita: 
0.9806; Cacique Doble: 0.9558; and Ligeiro 
0.9464 — see table 1). 

In only two of the six blood group sys- 
tems tested significant differences were 
found among the different localities under 
observation. They concern the frequencies 
of genes e and Di*. A more detailed discus- 
sion of the causes of such variation will be 
presented in a forthcoming paper, in which 
they will be considered in the light of other 
results obtained among these populations 
(Salzano, 61d). The technical difficulties 
experienced with the Diego system were al- 
ready stressed. It should be pointed out, 
however, that large differences seem to 
exist in the frequency of gene Di* among 
South American Indian populations. Lay- 


|| 
1 | 
M. SALZANO 1 


risse and Wilbert (60) tried to expla 
them mainly on the basis of migratic 
and gene flow. However, since there @ 
proven instances of erythroblastosis | 
talis due to this factor (its discovery 4 
curred in the course of studies of the seruf} 
of a woman immunized by incompatibil} 
in this system) it would be worthwhile} 
consider selection as a factor conditionil | 
this diversity. This could be verified in tf} 
Mestizo populations of South Amerif} 
Pacific Coast through: (a) the frequen 
with which erythroblastosis foetalis due} 
the Diego factor occurs in comparison wi 
those due to other factors; and (b) stulf] 
of marriages between Di(a + ) men aiff 
Di(a — ) women to verify if there is }} 
excess of abortions and stillbirths amo ft 
them when compared to other types | 
marriages. 1 

As was mentioned in the introductiif) 
the collection of new serological data in 
South American tribe has intrinsic intere§ 
for racial comparisons. A problem whidf; 
for instance, has been widely discuss 
among physical anthropologists is the qudf 


tion if the North and South American If 
dians should be considered one race onif! 
or separated into two different ethriff 
groups. Of the 10 racial morphologi 
classifications cited by Comas (’57) 
least 4 considered American Indians | 
single race. Boyd (50, 56a), based upd 
blood group results, includes the North ari 
South American Indians plus the Eskimd 
in one group only (the American Indi 
| 


time ago, however, (Salzano, 57), ane 
dent heterogeneity even within the Soui@ 
American Indians. For them the variabilig 
present in relation to the ABO blood grouyld 
showed a very interesting parallel with tH@ 
distribution of 4 of the ethnic groups prif 
posed by Imbelloni (38, ’57) in his clas¢ 
fication of Indians of this region. If, df 
was shown in the above-mentioned articl# | 
there exist significant variability betweeifl 
the South American Indians they shoullf 
not be classified as one group only ani 
certainly should they not be combined witifl 
the North American Indians and Eskimod 

The data obtained among the Caingan 
are perfectly in accordance with this poir 
of view. There are differences in the fre 
quency of the gene which condition the Ra 


| 


f 


| 
| 


| 
| 


BLOOD GROUPS OF 


(results with 4 sera) and the P system 
among the Caingang and other South 
{American Indian populations; plus differ- 
went frequencies between the tribe here 
junder consideration and North American 
tribes in relation to the MN, P and ABO 
iblood groups. Similar differences were 


eads to a false idea of homogeneity which 
‘4does not exist. 


SUMMARY 


_ The study of 6 blood group systems in 
447 Caingang Indians and Mestizos dis- 
| tributed over 4 localities in the State of Rio 
4;Grande do Sul, Brazil shows that: 

j| (a) the frequency of the majority of the 
i.genes studied does not present significant 
idifferences among localities; but such dif- 
iiferences do exist in relation to the e gene 


tem; 

(b) the high frequencies and in some 
cases absolute predominance of genes I’, 
,D, m and k suggest that the hybridization 


ifrequencies present among them before 
the contact with Whites and Negroes; 
| (c) the frequencies of the genes which 
i. condition the MN, P and Rh (4 sera) sys- 
| tems are similar to those observed in other 
(populations of Brazilian Indians but differ 
;in some cases from those present in South 
i; American (systems P and Rh) and North 
f American Indians (systems MN, P and 
i Rh). 

i (d) no Kell positives were found among 
Indians without signs of hybridization. 
) This is in accordance with the thesis of 
i Chown and Lewis (57) who say that this 
(antigen is not present in American Indian 


{ 


f 
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SHERWOOD L. WASHBURN 


Viking Fund Medalist 
for 1960 


SHERWOOD L. WASHBURN 


Dr. Sherwood L. Washburn has been 
i chosen as the recipient of the 1960 Viking 
i} Fund Medal and Award in Physical An- 
i thropology. The selection was made by a 
/ seven-man committee of the American As- 
sociation of Physical Anthropologists, all 
of whom are themselves previous recipi- 
ents of the same award. 
' Dr. Washburn was born in Cambridge, 
& Mass., on November 26, 1911 and grad- 
uated from Groton in 1931. He received 


his B.A. degree from Harvard in 1935 and 


his Ph.D. in Anthropology there in 1940. 

| His graduate work was done in the depart- 
> ment which was then directed by the late 
¥ Professor Earnest A. Hooton. Dr. Wash- 
% burn, therefore, shares with a number of 
} other leading American physical anthro- 
« pologists the great good fortune of having 
come under the influence of that very stim- 
; ulating teacher and investigator. 
Dr. Washburn served, first as an instruc- 
j tor and then later as an assistant professor 
|of anatomy, at the College of Physicians 
f and Surgeons of Columbia University, dur- 
j) ing the period from 1939 to 1947. He then 
i) joined the faculty of the University of Chi- 
4 cago as associate professor in the Depart- 
) ment of Anthropology, where he was sub- 
sequently promoted to a full professorship. 
Since 1958, he has been Professor of An- 
| thropology at the University of California 
at Berkeley. 

Dr. Washburn was selected as the recipi- 
ent of the 1960 Viking Fund Award in 
recognition of his important contributions 
to the field of Physical Anthropology. Espe- 
cially, noteworthy among these are his 
numerous studies of the developing and 
the adult skeleton of man and of various 
animals, his pioneering attempts to modify 
experimentally the adult form of various 
skeletal parts, and his well documented 
field observations on the social behavior 


— 


| Viking Fund Medalist for 1960 


of baboons, which he undertook in an at- 
tempt to obtain additional information 
that could be useful in the further eluci- 
dation of the evolution of human be- 
havior — a topic which is now Dr. Wash- 
burn’s principal research interest. 


WILLIAM WALTER GREULICH, President 
American Association of Physical Anthropologists 


CURRICULUM VITAE — 
DR. SHERWOOD L. WASHBURN 


Born: Cambridge, Massachusetts, No- 
vember 26, 1911. 
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vard 1935, Ph.D. 1940. 


Present Position: Professor of Anthropol- 
ogy, University of California at Berkeley. 


Positions Held: Instructor, Assistant Pro- 
fessor of Anatomy, Columbia University, 
1939-47; Associate Professor, Professor 
of Anthropology, University of Chicago, 
1947-58; Professor of Anthropology, 
University of California, ’58—; Chairman 
of Department, ’61—. Research Associate, 
Wenner-Gren Foundation for Anthropo- 
logical Research; Fellow, Center for Ad- 
vanced Study in the Behavioral Sciences. 


Member of: American Anthropological 
Association (President-Elect 1961 to be- 
come President 1962); American Associ- 
ation of Physical Anthropologists (Presi- 
dent 1951-52); American Association of 
Anatomists. 


Editor of: American Journal of Physical 
Anthropology, 1955-57; Viking Fund 
Publications in Anthropology, 1956-59. 


Field Work: in Siam and_ Borneo, 
Uganda, the Rhodesias, Kenya. 
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|THE EVOLUTION OF MAN. By G. W. 
Lasker. Pp. XVI + 239. $3.50. Holt, 
Rinehart and Winston, Inc., 1961. 


| To many concerned with teaching phys- 
ical anthropology at a very elementary 
jevel and seeking a text from which to 
jvork, Dr. Lasker’s book will be welcome. 
|.t introduces a variety of topics, today all 
j:egarded as legitimate fields of anthropo- 
l|.ogical investigation, and endeavors with 
imoderate success to show how, diverse 
ichough they be, they are all related to a 
jcentral theme, human evolution past and 
joresent. About half the book is devoted 
{:o man’s biological past, as inferred from 
jprimate studies and demonstrated by the 
fossil record, and is essentially descriptive. 
)The remainder, developing from a chapter 


jon elementary genetics, discusses the proc- 
esses by which evolution is brought about, 
jand leads to a brief review of races, plas- 
iticity and growth. 

| There are criticisms. The book is not 
|)well balanced; far too many pages (over 
one quarter of the whole) are claimed by 
the fossil descriptions — material which is 
jreadily accessible in many another ele- 
tmentary text— and far too few by the 
fields in which Lasker’s own particular 
jinterests have lain. It is not immediately 
‘clear that what appears to be a somewhat 
/(p. 1) unwieldy formal definition “physi- 
!cal anthropology is the study of man’s 
Pe etaton and biological variation, and en- 
fond fos the study of manlike fossils 
| 


and fossil man” is in fact only the first 
part of an extended definition by content. 
Among recent trends (p. 3) increased at- 
tention to experimental procedures during 
the last two decades is surely of sufficient 
importance to merit mention. The impres- 
}sion is given that it is molecular size that 
determines speed of migration in electro- 
phoresis (p. 162); that the initial genera- 
tion of entirely Rh+ individuals in a small 
population where Rh— were also present 
previously represents fixation (p. 174). 
Race differences are attributed mainly to 
drift rather than to selection (p. 173 
et seq. ); Lasker is perhaps rightly cautious 


Book Reviews 


in saying that the arguments that race dif- 
ferences are adaptive are “interesting, 
even plausible” though for the most part as 
yet “undemonstrated”; yet one wonders 
how far this assessment is colored by omis- 
sion of adequate reference to the increas- 
ing body of experimental work noted 
above. 

However, the most important criticism 
is that there is insufficient material in the 
book. Admittedly the appetite is whetted, 
but the one or two references at the end 
of the sections are not enough to allow 
the reader to follow up the various topics 
touched on. Whether this is a criticism of 
the book or of the methods of teaching for 
which it is designed, is not clear. One is 
left with the impression that the reader 
may perhaps acquire the names of a num- 
ber of topics rather than their content. 


D. F. RoBERTS 
Oxford University 


GENETICS AND TWENTIETH CEN- 
TURY DARWINISM, Cold Spring Har- 
bor Symposia on Quantitative Biology, 
Vol. XXIV; The Biological Laboratory, 
Cold Spring Harbor, L.I., New York, 
1959, 321 pages. 


This Cold Spring Harbor Symposium 
honors the centenary of the publication 
of Darwin’s treatise, Origin of Species. 
Appropriately, emphasis is upon evolution- 
ary problems related to genetics. 

The program was planned by Theodo- 
sius Dobzhansky with the assistance of 
Carleton S. Coon, G. Ledyard Stebbins, 
and Bruce Wallace. All of the separate 
sections, “Theory of the Gene and Raw 
Materials of Evolution,” “Natural Selec- 
tion and Race Formation,” “Ecological Sys- 
tems and Social Organizations,” “Isolating 
Mechanisms and Speciation,” “Fossil Rec- 
ord and Rates of Evolution,” and “Trends 
of Evolution,” are of the high quality 
which has come to be expected of the 
Cold Spring Harbor Symposia. The seven 
papers which deal entirely, or in part, 
with human evolution are for the greater 
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part descriptive, contrasting in an infor- 
mative way with the predominantly ana- 
lytical and interpretative papers which 
make up the remainder of this Sympo- 
sium. It would be quite impossible to do 
full justice to so impressive a volume in a 
short review. Therefore, I will take a sin- 
gle topic of interest to the physical anthro- 
pologist which cuts across several of the 
papers of the Symposium which do not 
deal specifically with man, and that will 
illustrate the possible rewards to be gained 
from a careful study of this volume in its 
entirety. 

In the introductory address, “Where Are 
We?,” Ernst Mayr eloquently verbalizes a 
simple fact close to the heart of the phys- 
ical anthropologist, “What is exposed to 
natural selection is not the individual gene 
nor the genotype but rather the phenotype, 
the product of the interactions of all genes 
with each other and with the environ- 
ment.” The genetic meaning of this state- 
ment is that natural selection must ope- 
rate simultaneously on a large number of 
loci, resulting in the accumulation of those 
genes which produce maximal viability in 
their allelic and epistatic interactions. 
This is in brief, and in the most simple 
terms, the basis for Dobzhansky’s “balance 
hypothesis” and Lerner’s “genetic home- 
ostasis.” Mayr selects as an example of 
the thesis which he develops “—— the 
conservative nature of the frequencies of 
blood group genes in human races. Even 
though individual blood groups genes and 
genotypes differ in their selective values 
under different conditions quite drastically 
from each other (particularly at the ABO 
locus), the relative frequency of the genes 
remains relatively stationary in a given 
population apparently owing to various 
balance mechanisms (allelic and_ epi- 
static).” The kind of genes which exist, 
and the type of balance mechanism which 
pertain will relate to the nature of the 
population. “There is every reason to be- 
lieve that the internal genetic structure of 
an open population is quite different from 
that of a closed one. The relative impor- 
tance of most genetic processes, such as 
mutation, random fixation, inbreeding, 
heterosis, and others will be entirely dif- 
ferent in the two types of populations.” 
(Mayr). 


BOOK REVIEWS 


In a stimulating paper entitled, “Geneti 
Conditions Which Promote or Retard thi 
Formation of Species,” H. L. Carson pre§ 
sents a provocative hypothesis concerni 
the relative importance of the hetera 
zygous and homozygous state in respe 
to selection. “Under conditions where | 
race is being formed, as for example, ijl 
ecologically marginal populations of | 
polytypic species, it is suggested that naj 
ural selection tends to favor the home 
zygous rather than the heterozygous stati 
at the majority of loci. They tend to bi 
homozygous genetically and for chrome 
somal aberrations to be phenotypical 
uniform and to be closely adapted to | 
limited set of environmental niches. The} 
show relatively little developmental buffe} 
ing against changes in the environment 
At the ecological margin of a species rang 
the population size may be expected to & 
relatively small: “Small populations, it i 
contended, can ill afford the luxury dl 
balanced polymorphism because of the ex 
pense of the continual production of les 
fit homozygotes.” This interesting hypoth 
esis is further elaborated by Carson ani 
has many theoretical possibilities for th 
human problem, particularly as it co 
trasts ecologically marginal populations f 
the central or main population of th 
species. On the basis of the argument pr 
sented, Carson then suggests that: “Maj 
ginal populations represent the growin 
points, thus the main source of new ev# 
lutionary change. Central population} 
given over to adjustment through heter 
sis, become progressively less able to pré 
liferate new entities. Thus does the pop 
lation pass from the reproductive phag 
to one of senescence, characterized by | 
high degree of heterozygous balance witli) 
reduced free recombination.” it 

In a second paper, “Influence of Geneti 
Systems on Geographical Distribution|j 
Bruce Wallace considers one aspect 
marginal populations in respect to evol 
tionary processes. In this paper adapta 
tion of boundary populations to local exif 
vironmental conditions are analyzed ii 
respect to the possible disruptive effe i 
gene flow from the interior or bulk of thi 
species range will have upon gene comb; 


} 


4 


mations which are adaptive at the popula- 
}tion boundary. Experimental data are 
cited to contrast events taking place with- 
t in the species to events occurring at the 


jmargin. Several possible alternative ex- 


irather a generalization put forth, which, 
iitogether with Carson’s hypothesis, may 
‘indicate some interesting possibilities for 
interpreting the anthropologist’s descrip- 
stive data on marginal groups in man. Gen- 
jetic changes which arise at the species 
dmargin stand in multiple relationships to 
‘the adaptive and evolutionary history of 


4perhaps, most importantly, upon the di- 
«rection or amount of gene flow, and the 
ere to which these changes are Co- 
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If man’s genetic response to his environ- 
ment differs markedly between marginal 
(relatively closed) and central (open) 
populations, and also depends upon the 
degree and nature of the gene flow be- 
tween the marginal group and the bulk 
of the population, such marginal groups 
may be far more interesting than mere 
cultural and morphological relics from 
which to speculate upon man’s historical 
stratifications. Some may represent rela- 
tively rapid human evolution and provide 
valuable examples for the study of man’s 
genetic adaptation to very specific environ- 
mental forces. 

There is much in this Symposium 
which, with careful study, could help the 
physical anthropologist find his way to an 
exciting interpretation of the processes of 
human evolution, and away from the 
now sterile tradition, however colorful, of 
merely describing its consequences. 


RICHARD H, OSBORNE 


Sloan-Kettering Institute 
(410 E. 68th St., New York City) 
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